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Thuat toan dé quy

Gigi thiéu

Thuét toan Il

Hoang Anh Buc

m Dinh nghia theo dé quy khéng nhiing cé thé ap dung cho
cac ham va tap hop ma con cho ca cac thuat toan
m MOt thd tuc dé quy (recursive procedure) la mét thii tuc goi
chinh né
m MGt thudt toan dé quy (recursive algorithm) la mét thuat
todn gidi mot bai toan bang cach chuyén vé viéc gidi chinh
bai toan dé nhung véi dau vao cé kich thudc nhd hon
B Ky thuat chia d‘é’ tri (divide-and-conquer technique): giai mét
bai toan ban dau thong qua viéc chia né thanh céc bai toan
nho hon cung loai va giai ching



Thuat toan dé quy

Gigi thiéu

Thuét toan Il

Hoang Anh Buc

Mot thuat toan dé quy thuding cé cau tric nhu sau: e

Truong hop co s§ Gidi truc tiép bai todn véi dau vao c6 kich
thudc di nhd hodc dau vao déc biét ma khong
can goi dé quy

Chia thanh cac bai toan con V6i dau vao khéng thudc trudng
hgp ca s&, thuat toan chia bai toan thanh mét
ho&c nhiéu bai todn con co kich thudc nhd hon

Giai céc bai toan con Thuat toan goi dé quy chinh né dé giai
cac bai toan con da dugc dinh nghia

Két hop céc I5i gidi Thuat todn két hap cac 16i gidi clia cac bai
toan con dé tao ra |0i giai cho bai toan ban dau



Thuat toan dé quy

Gigi thiéu

Chuing minh tinh diing dan clia thuat todn dé quy bang quy nap manh
m Phat biéu diéu can chirng minh: Mét diém quan trong 1a can
chi ré “thuat todn dung” nghia la gi
m Budc co s&: Céc truong hop khi thudt todn cho ra két qua mét
céch truc tiép ma khong can théng qua goi dé quy chinh né 1a
cdc trudng hop can xét trong budc co s&
m S dung mo ta clia thuat todn dé chi ra thuat toan sé tra lai gi trong
truding hop co sé
m Chi ra rng gia tri tra lai clia thuat todn 1a diing
m Budc quy nap: Gia thiét ring thuat toan dung cho moi dau vao
kich thude nhd hon. Chi ra ring thuat todn ciing ding cho dau
vao hién tai
m Phat biéu gia thiét quy nap: Gia sl thuat toan diing véi moi dau vao
gilta trudng hop ca s va céac dau vao cé kich thudc nhé hon mot
don vi so v6i dau vao hién tai
m M6 ta cu thé thuat toan tra lai gi véi dau vao hién tai dua trén cac
lan goi dé quy
m S{ dung gia thiét quy nap dé thay méi 1an goi dé quy bang dap an
chinh xac. Chi ra rang nhiing diéu nay dan t6i dap an ding cho
truong hgp hién tai
m Néu ban xét nhiéu trudng hgp trong thuat todn thi can thuc hién hai
diéu trén vdi tiing truding hop mét
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Gidi thiéu



Thuat toan dé quy

Gigi thiéu

Thuét toan Il

Hoang Anh Buc

Phan tich thai gian chay cla thuat toan dé quy: o
m Thiét Iap hé thuc truy héi
m Biéu dién thdi gian chay T'(n) dudi dang cac ham cla thoi
gian chay cho cac bai todn con
m Gidi hodc udc lugng hé thifc truy héi
m Gidi hé thiic truy hdi (da dé cap trong phan “Quy nap va bé
quy”)
® Doan nghiém va chiing minh bang quy nap
B S dung ham dac trung
B S dung ham sinh
m Udc lugng hé thic truy hdi (sé dé cap trong phan sau)
m Dinh ly thg (Master Theorem)
B Cay dé quy (Recursion Tree)



Thuat toan dé quy

Tinh giai thira

Thuét toan Il

Hoang Anh Buc
V6i moi s6 nguyén khong am n

Tinh giai thira va ldy thiza

0'=1
nl=n-(n—1)! ¥Yn>1

Thuat toan 1: Tinh n!
Input: n: s6 nguyén khéng am

Output: n!
1 procedure factorial(n):
2 if n = 0 then
3 L return 1
4 else
5 L return n - factorial(n — 1)




Thuat toan dé quy

Tinh giai thira

Vidu 1 (factorial(4)) Thuattodn I

Hoang Anh Buc

[ factorial(4) } -------- »=4. (2 =24

ol v
[ factorial(3) } -------- > =3 -;2 =6 "

goi A vé 2 :
[ factorial(?2) } -------- > =2 -Ll =2 Fji"““

goi A vé 1 cat

[ factorial(1) } -------- >»=1-1=1

7
goi Jtrave 1
factorial(0) | R _'1
return 1 o




Thuat toan dé quy

Tinh giai thira

, n , " , L. N N , Thuét toan Il
Vi du 2 (Thuat toan dé quy tinh giai thua la dung) Hoang Anh Biic
Ta chiing minh tinh diing dan cla Thuéat toan 1 bang quy nap. Goi
factorial (n) la gid tri trd lai bdi Thuét toan 1 (5 o iy

m Ta chérng minh factorial(n) = n! véimoin >0

m Budc co s6: Khin =0, factorial(n) =1 =n!

m Budc quy nap: Gia st factorial (k) = k! v6i s6 nguyén
k > 0 nao do6. Ta chiing minh factorial (k + 1) = (k + 1)!.
That vay, Thuat toan 1 tra lai
factorial(k + 1) = (k + 1) - factorial (k). Theo gia thiét
quy nap, factorial (k) = k!. Do do,
factorial(k+1) = (k+1) -kl = (k+1)!

Vi du 3 (Thai gian chay cla thuat toan dé quy tinh giai
thura)
T(n) = max{O(1),T(n—1)+O0(1)}+0(1)=T(n—1)+ 0(1)

nghia la ton tai hang s6 C théa man T'(n) = T'(n — 1) + C. Suy ra
T(n)=0O(n)



Thuat toan dé quy

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

Tinh giai thira va ldy thiza

a® =1

a"=a-a"' VYn>1

Thuat toan 2: Tinh o
Input: a: s6 thuc khac 0, n: s6 nguyén khong am

Output: o
procedure power (a, n):
if n = 0 then (.. .~ )
| return1 Bai tap 1
V6i Thuat toan 2, hay
else

| return o pover(a, n— 1) (a) Chiing minh tinh ding dan
(b) Xay dung hé thirc truy hdi dé

danh gia thoi gian chay

N g



Thuat toan dé quy

Tinh Ity thira
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Q Tinh giai thira va ldy thita
Diéu khé khan nhat can vuot qua khi suy nghi vé cac thuat

toan dé quy 1a su mién cudng khong tin rang trudng hgp nhd

hon sé dugc x{ ly dung.

m Vidu, gid st ban mubn viét mot thuat toan dé quy dé tinh
a™, st dung céc cong thic a?* = (a*)? va a?*+1 = (a*)? - a.

m Lénh goi dé quy sé xt ly viéc tinh toan «*, vi vay ban
khong can phai lo lang vé cach may tinh sé& dé quy nhiéu
lan, tat c& dudong xubng dén trudng hap co sé, dé thuc
hién diéu dé. Mién la budc dé quy va trudng hop co sé cla
ban (G ddy la a° = 1) la dung, thuét todn ctia ban la ding



Thuat toan dé quy

Tim kiém tuyén tinh

Thuét toan Il

Thuat toan 3: Tim kiém tuyén tinh (Linear Search) Hoang Anh Bife

Input: a;,as,...,a,: day sb nguyén, i, j, z: s6 nguyén,
1<i<j<n
Output: Néu x € {ai, Ajtgy--- ,aj} thi tra |a|
ke{i,i+1,...,5}sao cho x = ax. Ngugc lai thi
tra lai 0
1 procedure LinearSearch(i, j, x):
ifa; =2z then // 0 dang vi tri? Tra lai két qua
3 | returni

Tim kiém tuyén tinh

else
5 if i = j then // Khéng tim thiy
| return0
else // Tim trong phdn coén lai

L return LinearSearch(i + 1, j, =)




Thuat toan dé quy

Tim kiém tuyén tinh

Vidu 4 (LinearSearch(l, 5, 8)) HZ::::::”B”UC
5 2 8 14 7
1 2 3 4 5 Tim dém tyén tinn
[LinearSearch(l ,5,8)} ----------------------- > = 3 (return from call)
goil Tirvé 3
[LinearSearch(2,5,8)} ----------------------- >=3 (returr; from call)
goi | Sravé 3
[LinearSearCh(?) )5, 8)} ''''''''''''''''''''''' >=3 (fO’Uﬂd)
Bai tap 2

V6i Thuat toan 3, hay
(a) Chiing minh tinh diing dan
(b) Xay dung hé thiic truy hdi dé danh gid thoi gian chay



Thuat toan dé quy

Tim kiém nhi phan

Thuét toan Il

Thuat toan 4: Tim kiém nhj phan (Binary Search)

Hoang Anh Buc

Input: a1, as, ..., a,: ddy s6 nguyén thuc su tang, i, j, z: 6
nguyén,lgigjgn
Output: Néu z € {a;,a;11,...,a;}thitrdlaik € {i,i+1,...,5}

sao cho x = a;. Ngudc lai thi trd lai 0 Tim kiém ohi phan
1 procedure BinarySearch(i, j, x):
2 m = [(i+j)/2] // Di @én gilta d&y
3 if - = a,, then // bang vi tri?
4 | returnm
5 else
6 if z < a,, vai < mthen // x & nila bén trai?
7 L return BinarySearch(i, m — 1, x)

else

if 2 > a,, vaj > m then // z & nlta bé&n phai?
10 L return BinarySearch(m + 1, j, z)
11 else // Khéng tim thiy
12 | return0
L — 37




Thuat toan dé quy

Tim kiém nhi phan

Thuét toan Il

Vidu 5 (BinarySearch(1, 10, 23))

Hoang Anh Buc

Gidi thiéu

2 5 8 12 16 23 38 56 72 91

Tinh giai thira va ldy thira
Tim kié tint

1 2 3 4 5 6 7 8 9 10

[BinarySearch(l ,10,23) ] ....................... > = 6 (return from call)
A
goi|m=(1+10)/2) =5,a5 =16 <23 Iyavdg
[BinarySearch(G, 10,23) } ----------------------- >=6 (returr; from call) [‘1‘1‘;‘
7
goi [m = [(6+10)/2] =8,a5 =56 > 23 /yavé6 .

[ BinarySearch(6,7,23) ] ....................... >=206 (found)

m=|(64+7)/2] =6,a6 =23 =23
Bai tap 3
Xay dung hé thire truy hdi dé danh gia thoi gian chay cla
Thuét toan 4 -



Thuat toan dé quy

Sap xép néi bot

Thuét toan Il

Thuét toan 5: Sap xép ndi bot (Bubble Sort) Hoang Anh b
Input: A = a1, as,. .., a,: day s6 nguyén, n: s6 nguyén
duong

Output: Day sb6 nguyén sap th( tu tang dan
1 procedure BubbleSort (A, n):

Sap xép ndi bot

if n =1 then
return A // Trudng hdp co sé: mdng coé 1
phin td &4 dugc sip xép

fori< 1ton—1do
if a; > Qi1 then
| Hodn d6i gia tri clia a; va ;41

7 BubbleSort(A,n—1) // D& quy v8i phén td cubi
ciing di dudc ddy dén ding vi tri




Thuat toan dé quy

Sép xép néi bot

Thuét toan Il

Vi du 6 (BubbleSort([5,1,4,2],4))

[ BubbleSort([5,1,4.2,0 | Lénluotsosanh: 5. 1].[1.4.[4.2]

= -

[ BubbleSort ([1,4,2,5],3) ] Lan luot so sanh: [1, 4], [4,2)

Hoang Anh Buc

Gidi thié

Binh Iy tho
4 5 Cay dé quy

[ BubbleSort ([, 2, 4,5],2) J LAn Iugt so sénh: [1, 2] oo

Bai toan Lap lich

[ BubbleSort ([1,2,4,5], 1) J Truding hop ¢ s8: n — 1, mang da sip xép
Bai tap 4
Xay dung hé thiic truy hdi dé danh gia thoi gian chay cla
Thuét toan 5

37



Thuat toan dé quy

Sap xép chén

1

Thuét toan Il

Thuat toan 6: Sap xép chén (Insertion Sort)

Hoang Anh Buc

Input: A = ay,aq, ..., a,: day sb nguyén, n: sb nguyén
duong
Output: Day sb6 nguyén sap th(t tu tang dan
procedure InsertionSort (A, n):
if » < 1then Séppcren
return A // Trudng hop co s8: mang cb O
L hofic 1 phdn t& 43 dudc sip xép

InsertionSort(A4,n—1) // S8p xép & quy cac
phdn t& td a; dén a,_1
// Chén phén td a, vdo vi tri thich hdp trong
mdng &4 sip xép
key := an,
ti=n—1
while i > 1 vaa; > key do

Qit1 7= Q4
i:=i—1




i

Thuat toan dé quy

Sap xép chén

;Sl

&S
“avoc Ty
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o

Vidy 7 (InsertionSort([5,2,4,1],4)) Thust todn I

Hoang Anh Buc

Méng ban du:

3idi thiéu
Sap xép dé quy [5,2,4], sau d6 chen 1 Tinh giai thira va ly thiza
Tim kiém tuyen tint

[ InsertionSort([5,2,4,1],4)
goiy
[ InsertionSort([5,2,4,1],3) Sép xép né

)

goiy J @ Stpxépcnin
)
)

InsertionSort([5,2,4,1],2) Sép xép dé quy [5], sau d6 chen 2 e
goiy
InsertionSort([5,2,4,1],1)

Trudng holp cd s6: mang [5] da sép xép Gici thie
Binl ho

Cay dé q

Chen 4 vao (2,5] Bai toan Lép lict

Két qua cubi cling

Baitap 5
Xay dung hé thiic truy hdi dé danh gia thdi gian chay cla
Thuét toan 6



Thuat toan dé quy

Sap xép tron

1
2
3
4
5

6

Thuat toan 7: S3p xép tron (Merge Sort) Thuat todn I
Hoang Anh Buc

Input: L = a1, az,...,a,: day s6 nguyén
Output: Day so nguyen sap thi tu tang dan
procedure MergeSort(L):

if n > 1 then
= [n/2]
Ll ::al,...,am;LQ::a'rn+l7~":a7l &p xép 1o
L := Merge (MergeSort (L;), MergeSort (L2)) Q e

procedure Merge (A, B):

Input: A = (ay,...,aj4), B = (b1,...,byp): ddy sb da sap thi tu
Output: Day céc sb trong cd A va B sap thi tu ting dan
if A=0then

| return B

if B =0 then
| return A
if a; < by then
L return (a;,Merge (ag, ..., a4, B))
else
L return (bl,Merge(A, bg,...,b‘B|)) a7




Thuat toan dé quy

Sap xép tron

Vll dU 8 (Merge([Q, 5}, [17 3])) HT\huzfit/:o:'nBIlI]
Mang A: 215
Mang B: 113
o @ Sap xép tr
[ merge([2,5], [1,3]) } ....................... > =1,2,3,5
; 1<2nénlay1 A
QO'l :tra vé
[ merge ([2,5], [3]) } ....................... — [27 3, 5}
: 2<3nen|ay2 A
QOIl :tra vé
[ merge ([5], [3]) } ....................... =[3,5]
: 3<5nenlay3 A
ngl :tra vé
[ merge ([5], [1) } ....................... > — [5]
B=0néntravé A




Thuat toan dé quy

Sap xép tron

Vidu 9 (MergeSort([5,2,7,3,8])) Thugttoan |

Hoang Anh Buc

Sap xép tron

Xay dung hé thuc truy
hoi dé danh gia thoi gian
chay clia Thuét toan 7




Uéc luong hé thic truy hoi

Gi6i thiéu

Thuét toan Il

Hoang Anh Buc

m Hé thirc truy hoi thudng xuét hién khi phan tich thuat toan
dé quy
m Udc lugng hé thire truy hdi gitp ta xac dinh do phuc tap
thoi gian cla thuat toan
m Hai phuang phap chinh dé udc lugng hé thic truy hdi: i ey
(1) Dinh ly tho (Master Theorem): Cong cu manh mé gilp udc
lugng nhanh chéng cac hé thirc ¢6 dang
f(n) = af(n/b) +cn o
(2) Cay dé quy (Recursion Tree): Biéu dien truc quan qua trinh
tinh toan



Uéc lugng hé thuc truy hoi

Dinh Iy tho

Goi f la mét ham tdng thda man hé thuc truy héi

f(n) = af(n/b) + en’

trong d6 n = b* vGi k la sb nguyén duong nao dé, a > 1, b Ia
S0 nguyén duong I6n hon 1, va c,d la cac so thuc vdi c duong
va d khéng am. Ta co

O(n%) néua < b
f(n) 1a { O(n%logn) néua = b
O(n'& %) ndua > b’

A Binh Iy 1: Binh ly thg (Master Theorem) | .

Vidu 10
m Vi T'(n) =2T(n/2) + n,tacéd T'(n) = O(nlogn)
m V& T(n) =T(n/2) +n,tacod T(n) = O(n)

m VGi T(n) = 3T (n/2) + n, ta cd T(n) = O(n'°e3)

Thuét toan Il

Hoang Anh Buc

Binh Iy thy
Cay dé quy

Gidi thieu
Bai toan Lap lic

37



Uéc lugng hé thuc truy hoi

Dinh Iy tho

Thuét toan Il

Hoang Anh Buc

Baitap 7
Sl‘vj’ dung Binh ly thg (Binh ly 1), hay uwdc lugng cac hé thic truy
hoi sau theo O-16n, gia st T(1) = 1

(@) T(n) =4T(n/3) +n? (fy T(n) =7T(n/2) + n? o
(b) T(n) = A4T(n/2) +n (@) T(n) =16T(n/4) +n> @
(c) T(n)=3T(n/3) +nlogn (h) T(n)=2T(n/2) — n?

(d) T(n)=3T(n/3)+1 (i) T(n) =8T(n/2) +n?

(e) T(n)=2T(n/2) +n" () T(n)=3T(n/3)+ /n



Uéc lugng hé thuc truy hoi

Cay dé quy

~ ” Thuét toan Il
m Cay dé quy (Recursion Tree) |la biéu dién truc quan cua Hoang Anh Blc
qua trinh chay thuat toan dé quy
m Mdi nut trong cay biéu dién chi phf (cost) clia mdt 1an goi
dé quy (recursive call)
m Cac budc xay dung va phan tich cay dé quy:
(1) Ve cay véi gbc ting véi lan goi ban dau 7'(n)
(2) Phan tach moi nut thanh céc‘chi phi: chi phi khong dé quy
(non-recursive cost) va cac lan goi dé quy (recursive calls)
(8) Tiép tuc phan tach cho déen khi dat truong hop co sd (base Cay 06 quy
case)
(4) Tinh téng chi phi theo tirng muic (level) cla cay
(5) Tinh t8ng chi phi cac miic dé cé két qua cudi cling
m Uu diém: Tryc quan, gitip hiéu dugc ban chat clia thuat
toan va ap dung dugc vdi nhiéu dang hé thiic ma Dinh ly
tho khong ap dung dugc
m Nhuoc diém: Khong phai lic nao ciing d& vé va phan tich
dugc



Uéc lugng hé thuc truy hoi

Cay dé quy

Thuét toan Il
VII dU 11 Hoang Anh Biic
Xét hé thirc truy hdi T'(n) = 2T(n/2) + n véi diéu kién ban dau
T(1) = 1 van = 2% v6i sb nguyén k > 1 nao dé. Ta vé cay dé daww =
quy cho hé thirc nay nhu sau Tim g ey

O(logn)

Tacod T(n) = ZQi . ; =n(logn + 1) = O(nlogn)

1=0 a7



Uéc lugng hé thuc truy hoi

Cay dé quy

Vidy 12 g
Xét hé thtc truy hdi T'(n) = T(n — 1) + T(1) +n véin > 1 va ’
diéu kién ban dau 7(1) = 1. Ta vé cay dé quy cla hé thiic nay
nhu sau il i

Cay dé quy

Gidi thieu
Bai toan Lap li




Uéc lugng hé thuc truy hoi

Cay dé quy

Bai té.p 8 Thuét/:oehinell
o . , n , Hoang Anh Buc

S dung cay dé quy dé udc lugng T'(n) cho bai cac hé thuc ?

truy hdi sau

(@) T(n) =2T(n/2) +n?

(b) T'(n) =T(n/2) +1

() T(n)=2T(n—1)+1

(d) (%) T(n) = 2T(n/2) + nlogn (Pap an: O(nlog”®n))

Baitap 9

Chitng minh Binh ly thg bang céach st dung cay dé quy

(a) V@ cay dé quy cho T'(n) = aT'(n/b) + cn® trong d6 n = b*
vOi k la s0 nguyén dudng nao do, a > 1, b la s6 nguyén
duong I6n hon 1, va ¢, d la cac so thuc v6i ¢ duong va d
khéng am

(b) Tinh tong tirng hang va viét cong thiic cla T'(n) dudi dang
tong clia cac hang trong cay.

(c) Xét cac truong hop a < b?, a = b?, va a > b? -

Cay dé quy



Uéc lugng hé thuc truy hoi

Cay dé quy

Thuét toan Il

Hoang Anh Buc
Bai tap 10
Xay dung hé thurc truy hdi cho thdi gian chay clia cac thuat
toan dé quy da dé cép trong bai giang. Giai hodc udc lugng hé
thitrc ban tim dugc dé chirng minh thoi gian chay cla céc thuéat
todn nhu sau:
m Tinh ldy thta (Thuat toan 2): T'(n) = O(n)
m Tim kiém tuyén tinh (Thuat todn 3): T'(n) = O(n) (22) carsea
m Tim kiém nhi phan (Thuat toan 4): T'(n) = O(logn)
m Sap xép ndi bot (Thuat toan 5): T'(n) = O(n?)
m S&p x&p chén (Thuat toan 6): T'(n) = O(n?)
m S&p xép tron (Thuat todn 7): T(n) = O(nlogn)



Thuat toan tham lam
Gidi thiéu

Thuét toan Il

m Cdc bai todn toi uu (optlm/zat/on prob/ems) yéu cau cuc Hoang Anh Bie
dai héa hodc cuc tiéu héa mot sb tham sb xét trén tap tat
& céc dau vao c6 thé
m Tim dudng di gilta hai thanh phé véi khodng cach nhé nhat
m Tim cach dat cac tram phat song sao cho dién tich phl
séng Idn nhat
m MGét thudt toan tham lam (greedy algorithm) thudng dugc
s dung dé gidi bai toan t6i vu: ludn chon bién phap “t6t
nhat” & méi budc dia phuong (theo mét sb tiéu chuan cuc
bd nao dd) véi hi vong sé thu dugc mot 16i gidi tbi uu trén () oo
toan cuc ‘
m Gidi thuat nay khong nhét thiét xuét ra mot 10i giai tbi uu cho
toan bo bai toan, nhung trong nhiéu trudng hop cu thé né
c6 thé xuat ra |6 gidi t6i wu
m Sau khi m6 t& cy thé “Iya chon tbt nhat & tiing budc”, ta cb
gang chung minh rang gidi thuat nay ludn cho ta mét 1i giai
t6i wu hodc tim médt phan vi du dé chi ra diéu nguoc lai



Thuat toan tham lam

Bai toan Lap lich

Thuét toan Il

| ] B‘ai tOén: Hoang Anh Burc

= Input:

M6t nhém cac bai giang véi thoi _gian bat dau va két thic
Chi cé mot glang du’dng duy nhat

Khi mét bai gidng bat dau, né tiép dién cho dén khi két thiic
Khéng c6 hai bai gidng nao dugc tién hanh & cuing thoi diém
Ngay sau khi mdt bai gidng két thic, mot bai gidng khac cé
thé bat dau

m Output: Mot danh sach céc bai giang dai nhét cé thé

m O day, néu ta mudn &p dung giai thuat tham lam, lam thé
nao dé “lya chon tot nhat” & méi budc cla thuat toan? Noi
cach khac, ta sé chon bai gidng nhu thé nao? Bt todn Lip ch
(1) Chon bai gidng bat dau sém nhét trong s6 cac bai gidng bat
dau sau céc bai gidng ta vira chon trudc d6?
(2) Chon bai gidng ngan nhét trong sb cac bai giang bat dau
sau cac bai giang ta vira chon trudc dé?
(3) Chon bai gidng két thiic sém nhat trong s cac bai giang bat
dau sau céc bai gidng ta vira chon trudc d6?



Thuat toan tham lam

Bai toan Lap lich
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(1) Chon bai gidng bat dau s6m nhat? X

Thuét toan Il
Bai giang 3

Bai giang 2

Bai giang 1

Hoang Anh Buc

Gidi thiéu

Tinh giai thira va ldy thira
Tim kié

07:00 08:00 09:00 10:00 thai gian
07:30 08:30 09:30

10:30
(2) Chon bai gidng ngan nhat? X

Bai giang 2

Bai todn Lép lich
Bai gidng 1 :

Cay dé quy
Bai giang 3

07:00 08:00 09:00 10:00 11:00
07:30 08:30 09:30

thoi gian
10:30
(3) Chon bai giang két thiic s6m nh4t? «

37



Thuat toan tham lam

Bai toan Lap lich

-

5 W N

(3]

Thuét toan Il

Hoang Anh Buc

Thuat toan 8: Lap lich tham lam (Greedy Scheduling)
Input: (s1,e1), (s2,€2),...,(sn,en): thoi gian bat dau va két
thic bai giang by, b, ..., b,
Output: Danh sach bai gidng S c6 sb6 bai giang I16n nhéat
trong d6 khéng cé hai bai gidng nao xung dét nhau
Sap xép cac bai giang theo th tu tang dan theo thdi gian
két thic va gan lai nhan bai giang sao cho
e1 < ey <---< ey
S =10
for j:=1tondo
if Bai gidng j khéng xung dét vdi cdc phan ti cda S
then
| S:=5uU{j}

return S

Bai todn Lap lich




Thuat toan tham lam

Bai toan Lap lich
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Vidu13

Thuét toan Il

Hoang Anh Buc
Céc bai giang ban dau: i
Tinh giai thira va Iy thura
Tim kiém tuyen tint
‘ b2 B (10007 1300) \ m ki nhi phar
Sap xep noi
Sépxép chén
‘ be - (11:00, 16:00) ‘ s
Gidi thiéL
by : (9:10,11:20) Binh 1y tho

‘ bs : (13:30, 16:00) ‘

@ Bai todn Lap lich

‘ by : (11:00, 14:00) ‘

by : (13:10, 15:20)

9:00 10:00 11:00

12:00 13:00

14:00 15:00 16:00 17:00
Thoi gian

37



Thuat toan tham lam

Bai toan Lap lich
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Vidu13

Thuét toan Il

Hoang Anh Buc
Budc 1: Sap xép theo thdi gian két thic

3idi thiéu
Tinh giai thira va Iy thura
Tim kiém tuyen tint
‘ be : (11:00, 16:00) ‘ A
Sép x8p che )
‘ bs - (13:30, 16:00) ‘ e
3idi thiéL
by : (13:10,15:20) oen
. . . Gidi thiéL
‘ 42 (11.007 14.00) ‘ @ Bai toan Lap lich

‘ by - (10:00, 13:00) ‘

by : (9:10,11:20)

9:00 10:00 11:00

12:00 13:00

14:00 15:00 16:00 17:00
Thoi gian

37



Thuat toan tham lam e

Bai toan Lap lich

Viduy13

Budc 2: Khditao S = 0
Buédc 3: Duyét cac bai giang

Xét j = 1: Thém b; vao S

by : (9:10,11:20)

i

01 woc Ty nmien|

Thuét toan Il

Hoang Anh Buc

Gidi thiéu
Tinh giai thira va ldy thira
Tim kiém tuyén tint

Tim kiém nhi phar

Gidi thiéL
@ Bai todn Lap lich

9:00 10:00 11:00 12:00
S ={b}

16:00 17:00
Thoi gian

13:00 14:00 15:00

37



Thuat toan tham lam

Bai toan Lap lich

Viduy13

Budc 2: Khditao S = 0
Buédc 3: Duyét cac bai giang

’ Xét j = 2: Khdng thém by vi xung dot véi by ‘

‘ by : (10:00, 13:00) ‘

by : (9:10,11:20)

9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00
S ={b}

17;00
Thoi gian

Thuét toan Il

Hoang Anh Buc

@ Bai todn Lap lich

37



Thuat toan tham lam

Bai toan Lap lich

Viduy13

Budc 2: Khditao S = 0
Buédc 3: Duyét cac bai giang

’ Xét j = 3: Khong thém b3 vi xung dot véi by ‘

‘ bs : (11:00, 14:00) ‘

by : (9:10,11:20)

9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00
S ={b}

17;00
Thoi gian

Thuét toan Il

Hoang Anh Buc

@ Bai todn Lap lich

37



Thuat toan tham lam

Bai toan Lap lich
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Viduy13

Hoang Anh Buc

Buéc 2: Khéitao S = ()

Gidi thiéu

Tinh giai thita

a va liy thira
T ki
Buédc 3: Duyét cac bai giang

tuyen tint
Xét j = 4: Thém by vao S

m kiém nhi phar

Cay dé quy
by : (9:10,11:20) by : (13:10, 15:20)

@ Bai todn Lap lich
9:00 10:00 11:00 12:00 13:00 14:00 15:00
S ={b1,bs}

16:00 17:00
Thoi gian

37



Thuat toan tham lam

Bai toan Lap lich

Viduy13

Buéc 2: Khéitao S = ()

Buédc 3: Duyét cac bai giang

Xét j = 5: Khong thém b5 vi xung dot véi by ‘

‘ bs : (13:30,16:00)

by : (9:10,11:20) by : (13:10, 15:20)

9:00 10:00 11:00 12:00
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Thuét toan Il

Hoang Anh Buc

Gidi thiéu
Tinh giai thita

a va liy thifa
Tim kiém tuyén tint

m kiém nhi phar

@ Bai todn Lap lich

13:00 14:00 15:00 16:00
S ={b1,bs}

17;00
Thoi gian

37



Thuat toan tham lam

Bai toan Lap lich

Viduy13

Buéc 2: Khéitao S = ()

Buédc 3: Duyét cac bai giang

Xét j = 6: Khdng thém bg vi xung dot véi by ‘

‘ be : (11:00, 16:00) ‘

by : (9:10,11:20) by : (13:10, 15:20)

9:00 10:00 11:00 12:00

i
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Thuét toan Il

Hoang Anh Buc

Gidi thiéu
Tinh giai thita

a va liy thifa
Tim kiém tuyén tint

m kiém nhi phar

@ Bai todn Lap lich

13:00 14:00 15:00 16:00
S ={b1,bs}

17;00
Thoi gian

37



Thuat toan tham lam

Bai toan Lap lich

Vidu 13

Budc 2: Khditao S = 0
Budc 3: Duyét céc bai giang

[Két qua: S = {b1, b}

Lich t6i uu véi 2 bai giang

by : (9:10,11:20) by : (13:10, 15:20)

i
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“avoc Ty

2

o

Thuét toan Il

Hoang Anh Buc

3i6i thigu
Tinh giai thira va Iy thira
Tim kiem tuyen tink

@ Bai todn Lap lich

11:00 15:00

9:00 10:00 12:00 13:00 14:00

16:00

17;00
Thai gian



Thuat toan tham lam

Bai toan Lap lich

Binh 1y 2 L
Thudt todn 8 xuét ra mét danh sdch céc bai gidng téi uu ]

Ching minh.
m Gid sl S* = (xq, 29, .. ., x) la danh sach t6i wu trong dé

céac bai giang dudc sap x&p theo thit tu tang dan theo thoi
gian két thuc

m Gid sl S = (y1,92,...,yw) 1@ Mot danh sach bai gidng

xuat ra tu Thuat toan 8 trong do cac bai giéng dugc sap

xép theo thit ty tang dan theo thdi gian ket thuc
m Do S* latdiuwu, k > &/
m Néu S = S* thi ta c6 diéu phai chiing minh. Ngugc lai, néu

S # S, goi i la chi so dau tién trong {1,..., %’} thda man

z; % y;, hghia la

S* = <(E1 =Y1,T2 =Y2,...,Tj—1 = yiflvxiv°"7xk’a"'axk>

S=(x1 =y, T2 =Y2, -, Ti1 = Yi-1,Yir- - Yk')



Thuat toan tham lam

Bai toan Lap lich
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Thuét toan Il

Hoang Anh Buc
3idi thiéu
S* T1 =Y Ty = 1Yo i Titq 7y ; v\yn ‘~ a M\‘w thira
Tim ki hi phar
Sép xép tron
S: Y1 =21 Yo =Ty | --- Yi Yit1 Yr! Gidi thiéu
Binh Iy tho
Cay dé quy
Gidi thié

Bai todn Lap lich

Néu khong ton tai i € {1,...,%'} théa man z; # i, tacé
S = (21 = y1,%2 = Yo, Tk = Yk, Thi41s- - Th)
Ngudgc lai, thuat todn tham lam chon y; vi n6 két thic sém hon z;

Thoi gian
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Thuat toan tham lam

Bai toan Lap lich
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S
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Thuét toan Il

Hoang Anh Buc

3i6i thigu
S*: T =1 Ty = Yo Yi Tit1 ce Ty ; T\‘er ‘\‘ a ‘ ‘\‘\ thira
Tim kiém nhi phar
' 3i b
'
'
'
'
'
'
S Y1 =21 Yo = T2 Yi Yit1 Yr Gidi thig

Bai todn Lap lich

Thoi gian

Thay thé ; bang y; trong S* van gilt tinh t6i uu
vi y; két thic sém hon va khéng xung dét véi z; 1, ..., zx



i

Thuat toan tham lam

Bai toan Lap lich

11-’;\";.
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Thuét toan Il

Hoang Anh Buc

3i6i thigu

Tinh giai thira va Iy thira

S**: Y1 Y2 e Yi

&

Tk

R

©n
<
=
N
<
&

Y Gii thiét

Bai todn Lap lich

Thoi gian

Sau khi thay thé z; bang Yiy ta thu duogc 10i giai tbi uu méi 5**.
Tiép d6, tim j 1a chi sb nhd nhét thda man z; # y;.
Ly luan tuong ty dé thay thé x; béng Yi



Thuat toan tham lam

Bai toan Lap lich
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Thuét toan Il
Hoang Anh Buc
3idi thiéu
S*: Y1 Y2 Yi 5 Y H -\(M‘f'\'\ “‘M\‘\ thita
Tim k nhi phar
p xepr
P Xep C
p xép tron
S Y1 Y2 Yi Yj Y [Uw thi ‘
Gidi thiéL
Bai toan Lap lich
Thoi gian
Tiép tuc qua trinh ndy cho dén khi S* = (Y1, Y2, ..., Yr, Tar 41, - Tk)
Do thuéat todn két thic khi chon v/,

Céc phan t 241, ..., zx phai xung dot v6i yy nén khong thé ton tai
Dodd S* = S = (y1,92,...,yr) 1A 16i LU



Thuat toan tham lam

Bai toan Lap lich

Thuét toan Il

Hoang Anh Buc

Dinh Iy 3

Thuét todn 8 chay trong thdi gian O(nlogn), vdin la sb luong b
bai giang ik i

Ching minh.
Phan tich do phtc tap:
m S3p xép n bai gidng theo thdi gian két thiic: O(nlogn) S
m Vi du, st dung Thuat todn 7 (Sap xé&p tron) e
m Vong lap for duyét qua n bai gidng: O(n)
m Kiém tra xung dot gitra bai gidng j véi cac bai giang trong
S
= Phuong phép don gian: O(|S|) = O(n) trong trudng hop
xau nhat
] Phu’dng phép t6i wu: Chi can kiém tra thoi glan bat dau clia
bai gidng j véi thoi gian két thic cla bai gidng cudi cling
trong S: O(1) o7

Bai todn Lap lich



Part |
Phu luc



NGi dung

Thuét toan Il

Hoang Anh Buc

Pinh Iy tho

Tim s6 Fibonaci thtt n
Thap Ha No

C6 thé bd qua san va tran Sép adp tharh (Quisar

Mét s6 thuat toan dé quy khac
Tim s6 Fibonacci thi n
Thap Ha Noi
Sap xép nhanh (Quicksort)



Dinh ly thg

Phat biéu Dinh ly

Thuét toan Il

Hoang Anh Buc

Binh ly tho

A Binh ly: (Nhic lai Binh 1y 1) | .

Goi f la mét ham tang thda man hé thuc truy héi

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

trong do n = b* V3i k la sb nguyén duong nao do, a > 1, b la
SO nguyén duong I6n hon 1, va c, d la cdc so thuc vdi c duong
va d khéng am. Ta co

O(n?) néua < b’
f(n) 1a { O(n%logn) néua = b’
O(n'& %) ndua > b?




Dinh ly tho

Chiing minh

Thuét toan II

5 Hoang Anh B¢
Ta co

f(n) = af(n/b) +cn? s
= a(af(n/b*) + c(n/b)*) + cn?
= a’f(n/b?) + en(1 +

bd)
= aQ(CLf(TL/bS) + C(n/bQ) ) —+ cnd(l + [;id)

2
=a®f(n/b®) + end(1 + I;id + <;> )

k—1 i
o
i=0



Dinh ly thg

Chiing minh

Thuét toan Il

Hoang Anh Buc

= ’ y tho
Xét phu'dl"lg tﬁnh f(n) = akf(n/bk) _|_ Cnd <a> Binh ly tho

k—1 i
(1) Néu a = b?, ta cé Z (;1) =k e

=0 S&p xép nhanh (Quicksort

k—1 i 00
(2) Néua <b?,taco <;d> <M (bcz
1=0 i

k—1 i
a,b, d 1a cac hang sb, ta cé ) =0(1)

k—1
(3) Néua >0 taco (;) = % = O((a/b)*)

=0



Dinh ly thg

Chiing minh

Thuét toan Il

DO dO, Hoang Anh Burc

Binh ly tho

O(k) néua = b’
f(n) =d*f(n/b") +cn?-{ O(1) néua < b’
O((a/bM)*) néua > b?

TU n = b*, ta cd k = log, n. Do do,

m Néua =b% tacd f(n) = 0(a%") + O(ntlog, n) =
O(n'°#» %) + O(nlog, n) = O(n?logn). (Chu y l1a khi
a < b?, ta co n'osr @ < nd)

m Néua < b?,tacd f(n) = O(n?) + O(n?) = O(n%). (Chuy
la khi a < b?, ta cd n'ogv @ < nd)

m Néua > b% tacé
f(n) — O(alogb n) 4 O(alOgb n) — O(alOgb n) — O(nlOgb a)_
(Cha y la khi a > b4, ta c6 (a/b%) 0™ = (plogs(a/bY) ylog, n —
(blOgb n)logb(a/bd) _ nlogb(a/bd) — plogya—d — O(’I’LlOgb a))



Dinh ly thg

Phién ban t6ng quat hon

Goi f Ia mét ham tdng thda man hé thuc truy héi

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

trong dé a > 1, b > 1 la cdc hang sb nao dé, va g(n) la mét

ham théa man g(n) > 0 khin dd Ién. Ta co

(1) f(n) la®©(g(n)) néu g(n) = Q(n'°% ) vdie > 0 va g(n)
théa man diéu kién ag(n/b) < cg(n) vdin di lén vac < 1
la hang so duong nao do

(2) f(n) la©(n'og * logh™! n) néu g(n) = O(n'°% *log" n) vdi
k > 0 nao do. (Trong phan Idn cdc truong hgp thi k = 0.)

(3) f(n) la©(n'°2*) néu g(n) = O(n'°% =) vdie > 0

A Binh Iy 4: Binh Iy tho | .

Thuét toan Il

Hoang Anh Buc

Binh ly tho



C6 thé bd qua san va tran

Thuét toan Il

Hoang Anh Buc

C6 thé bd qua san va tran khi phan tich do phic tap cla thuat
toan wén

C0 thé bd qua san va

Vi du 14 (Thoi gian chay clia thuat toan sap xép
trén)

m Néu ban phan tich gid ma clia thuat todn sap xép tron
(Thuét todn 7), ban sé nhan ra rang thdi gian chay cla
thuéat toan tuan theo hé thirc:

T(n) =T(|n/2]) + T([n/2]) + O(n) (1)

(Xem Bai tap 6)
m Tuy nhién, trong nhiéu tai liéu, ban sé thdy dé cap rang
thoi gian chay cla thuat toan tuan theo hé thic

T(n) = 2T(n/2) + O(n) 2)



C6 thé bd qua san va tran

z 7 Thuét toan Il
Vi du 14 (Thoi gian chay cta thuéat toan sap xep tron) Hoang Anh Bic
C4 hai hé thic trén déu ding. Ly do & day la ta c6 thé bd qua san va
tran bang céch ly luan nhu sau:
m DAu tién, do chung ta chi quan tam dén chan trén (vi ta ludn dénh
gia theo O-16n), ta cé thé danh gia
T(n) <2T([n/2]) + O(n) <2T(n/2+ 1) + O(n)
m Tiép do, ta dinh nghia mét ham mdi S(n) = T(n + «) béng cach
chon gia tri clia « sao cho S(n) < 25(n/2) + O(n). Tacd

C0 thé bd qua san va
tran

S(n)=Tn+ a) dinh nghia cla S
<2T(n/24+a/2+1) +O(n+ ) danh gia cho T
=2S(n/2—a/2+1)+O(n+a) dinhnghiacla S

Chon o = 2,ta cé S(n) < 25(n/2) + O(n)

m Udc lugng S(n) (vi du, bang Binh ly thg), ta c6 S(n) = O(nlogn),
vado do T'(n — 2) = O((n — 2)log(n — 2)) = O(nlogn)



C6 thé bd qua san va tran

Bai tap 11 Thuat todn
X&p xi hé thic truy hdi T(n) = T([n/2]) + T(|n/2)) + n — 1 véi diéu kién Floang Ann Bie
ban dau T'(2) = 1 va T'(1) = 0. (Cha y: T(n) la thoi gian chay cla thuat toan

Sép Xép trc}n) C0 thé bd qua san va
(GOl y: VGi n = 2% (k € N), chitng minh T'(n) = nlogn — n + 1. S& dung quy tran

nap, chirng minh véi moin € Z*, T'(n) ~ nlogn —n + 1.)

Bai tap 12

Cay van Emde Boas (van Emde Boas tree, VEB tree, hoac van Emde Boas

priority queue) 1a mét cAu trtic dif liéu dé quy cho phép chiing ta chén, xda

va tim kiém céc khoa tir mét tap hdp U ={1,2,...,n} mét cach nhanh

chéng. (N6 gidi quyét cing mét van dé nhu cay t|m kiém nhi phan nhung

thoi gian chay sé tinh theo kich thudc clia tap v tru U thay vi s6 lugng khda

dudc luu trir.) Cay van Emde Boas c6 thoi gian chay cho bdi

T(n) = T(y/n) +1vaT(1) = 1. Hay gi&i hé thirc truy hdi nay. (Ggi y: Dt

S(k) = T(2%). bap an: T(n) = O(loglogn))

Baitap 13

Udc Iugng céc hé thic truy hdi sau:

(@) T(n) =T([n/3])+T(|2n/3]) + O(n)

(b) (x) T(n) = aT([v/n]) +O(n) (Gei y: D&t S(k) = T(2*"). Dép an:
T(n) = O(nloglogn))



C6 thé bd qua san va tran

Thuét toan Il
Hoang Anh Buc

Bai tap 14 (x) TN
” T L, N N . . % ” 09 thé bé qua san va
Cho mot mang da sap xép A[l...n], vatacantimchisoithoa T
man Ali — 1] < x < A[i]. (Bai toan nay c6 thé giai dugdc bang
thuat toan tim kiém nhi phan.) Dudi day la mo ta thuéat toan
ROOTSEARCH dé gidi quyét bai toan nay:
m Néu n nhd (gid sit, nhé han 100), tim chi s6 bang thuat
todn tim kiém tuyén tinh. Ngugc lai:
m Dinh nghia mileposts := A[/n], A[2/n], A[3/n], ..., A[n]
la danh sach cac phan tif cach déu nhau /n phan t
trong A.
m Dé quy, tim post := ROOTSEARCH (mileposts, ).

m Tra vé ROOTSEARCH(A[(post — 1) \/n, . .., post \/n), z).



C6 thé bd qua san va tran

Bél tép 14 (tlép tUC) Thuat todn Il

Hoang Anh Buc

ROOTSEARCH(A[L...n], z):

if n < 100 then (Trvong hop co sd: mang nho)) C6 th8 bd qua san va
(Tim kiém tuyén tinh)) e

fori:=1tondo

if Ali — 1] <z < A[4] then [ e
return ¢ $4p x8p nhanh (Quicksort
((Pinh nghia cdc cot mbc))
k= L\/ﬁj

mileposts := new array of size [n/k|
fori:=1to [n/k] do
mileposts[i] := A[min(i - k, n)]
{(Tim cét méc thich hop))
post := ROOTSEARCH(mileposts, x)
(Tim kiém trong doan con da xdc dinh))
return ROOTSEARCH(A[(post — 1) - k + 1...min(post - k,n)], z)

Hay xac dinh hé thirc truy hoi biéu dién thdi gian chay cla
thuat toan ROOTSEARCH va udc luong hé thirc ban tim duoc 19



Mot s6 thuat todn dé quy khac

Tim sb Fibonacci thi n

Bai toan: Tinh sb Fibonacci thi n, dugc dinh nghia nhu sau: Thugt todn I
Hoang Anh Buc

Fo=0

=1

F,=F, 1+ F, o véin >2
Thuat toan 9: Thuat toan tinh sb Fibonacci thit n
Input: S6 nguyén khong &m n
Output: So Fibonacci thit n
procedure Fibonacci(n):
if n = 0 then
return 0

Tim s6 Fibonacai thit .

1

2

3

4 elise

5 if n =1 then

6 | return1

7 else

8 L return Fibonacci(n — 1) +
Fibonacci(n — 2)




Mot sb thuat toan dé quy khac

Tim s6 Fibonacci thi n

Vidu 15 (Fibonacci (4))

Fibonacci (4)

Tinh F; bang dé quy

Thuét toan Il

Hoang Anh Buc

Tim s6 Fibonacai thit .
Thap Ha Noi

S&p xép nhanh (Quicksort)



Mot sb thuat toan dé quy khac

Tim s6 Fibonacci thi n

Vidu 15 (Fibonacci (4)) Thutodn I

Hoang Anh Buc

Fibonacci (4)

Fibonacci (3)

Tim s6 Fibonacai thit .
Thap Ha Noi

Sép xép nhanh (Quicksort

DAu tién, tinh Fibonacci (3)



Mot sb thuat toan dé quy khac

Tim s6 Fibonacci thi n

Vidu 15 (Fibonacci (4)) Thutodn I

Hoang Anh Buc

Fibonacci (4)

Fibonacci (3)

Tim s6 Fibonacai thit .
Thap Ha Noi

Fibonacci(2)

D& tinh Fibonacci(3), ta cin tinh Fibonacci (2)

S&p xép nhanh (Quicksort)



i

Mot sb thuat toan dé quy khac =7

Tim s6 Fibonacci thi n

01 woc Ty nmien|

Vidu 15 (Fibonacci (4)) Thutodn I

Hoang Anh Buc

Fibonacci (4)

Fibonacci (3)
Tim s6 Fibonacai thit .
Thép Ha N

Fibonacci(2) Sép xép nhanh (Quicksort)

{Fibonacci (1)} {Fibonacci (0)}

D& tinh Fibonacci(2), ta cAn Fibonacci (1) va Fibonacci (0)



Mot sb thuat toan dé quy khac

Tim s6 Fibonacci thi n

Vidu 15 (Fibonacci (4)) Thutodn I

Hoang Anh Buc

Fibonacci (4)

Fibonacci (3)

Tim s6 Fibonacai thit .
Thap Ha Noi

Fibonacci(2)

{F@cci(l)} {Fibona@)}

Trudng hgp cd s8: Fibonacci(l) = 1 va Fibonacci(0) =0

Sép xép nhanh (Quicksort



Mot sb thuat toan dé quy khac

Tim s6 Fibonacci thi n

i

\;,l

&e
01 woc Ty nmien|

%

Jo

o

Vidu 15 (Fibonacci (4))

Thuét toan Il

Hoang Anh Buc

Fibonacci (4)

Fibonacci (3)

Tim s6 Fibonacai thit .
1
Fibonacci(?)} {Fibonacci(l)} Sap xép nhanh (Quicksort
{F@cci(l)} {Fibona@)}

Fibonacci(2) = Fibonacci(l) + Fibonacci(0) =14+0=1



Mot sb thuat toan dé quy khac

Tim s6 Fibonacci thi n

Vidu 15 (Fibonacci (4)) Thutodn I

Hoang Anh Buc

Fibonacci (4)

Fibonacci (3)

Tim s6 Fibonacai thit .

1 Thap Ha N&
E:Qacci(?)} {Fibona@)} Sap xép nhanh (Quicksort

o\
{F@cci(l)} {Fibona@)}

V&i Fibonacci (3), ta cling can tinh Fibonacci (1) =1




Mot sb thuat toan dé quy khac

Tim s6 Fibonacci thi n

Vidu 15 (Fibonacci (4))

Fibonacci (4)

Fibonacci (3)

1
E:Qacci(?)} {Fibona@)}
{F@cci (1)} {Fibona@)}

Fibonacci(3) = Fibonacci(2) + Fibonacci(l) =1+4+1=2

Thuét toan Il

Hoang Anh Buc

Tim s6 Fibonacai thit .
Thap Ha Noi

Sép xép nhanh (Quicksort



Mot s6 thuat todn dé quy khac

Tim sb Fibonacci thi n

Vidu 15 (Fibonacci (4)) Thutodn I

Hoang Anh Buc

Fibonacci (4)

Fibonacci (3)

Fibonacci(2)

Tim s6 Fibonacai thit .

1 Thap Ha No
[;:Qaeai(?)} {Fibona@)} {Fibonacci (I)J [Fibonacci (O)J Sap xép nhanh (Quicksort

o\
{F@cci(l)} {Fibona@)}

Bay git cho phan thit hai clia Fibonacci (4), tinh Fibonacci (2)




Mot sb thuat toan dé quy khac

Tim s6 Fibonacci thi n

Vidu 15 (Fibonacci (4)) Thutodn I

Hoang Anh Buc

Fibonacci (4)

Fibonacci (3)

Tim s6 Fibonacai thit .
Thap Ha Noi

1
E:Qacci(?)} {Fibona@)} {F@cci (I)J [Fibona@)} Sap xép nhanh (Quicksort
{F@cci(l)} {Fibona@)}

Fibonacci(2) = Fibonacci(l) + Fibonacci(0) =14+0=1




Mot s6 thuat todn dé quy khac

Tim sb Fibonacci thi n

Vidu 15 (Fibonacci (4)) Thutodn I

Hoang Anh Buc

Fibonacci (4)

Fibonacci (3) Fibonacci(2)

Tim s6 Fibonacai thit .

Thap

1
[;:Qaeai(?)} {Fibona@)} {F@cci (I)J [Fibona@)} Sap xép nhanh (Quicksort
o\

{F@cci(l)} {Fibona@)}

Cubi cling, Fibonacci (4) = Fibonacci (3) + Fibonacci(2) =2+1=3




Mot sb thuat toan dé quy khac

Tim s6 Fibonacci thi n

Vidu 15 (Fibonacci (4)) Thutodn I

Hoang Anh Buc

Fibonacci (4)

Fibonacci (3) Fibonacci(2)

Tim s6 Fibonacai thit .
Thap Ha Noi

1
E:Qacci(?)} {Fibona@)} {F@cci (I)J [Fibona@)} Sap xép nhanh (Quicksort
o\

{F@cci(l)} {Fibona@)}

Cubi cling, Fibonacci (4) = Fibonacci (3) + Fibonacci(2) =2+1=3




Mot s6 thuat todn dé quy khac

Tim sb Fibonacci thi n

Vidu 15 (Fibonacci (4)) Thutodn I

Hoang Anh Buc

Fibonacci (4)

Fibonacci(3) Fibonacci(2)

Pen] o) ‘o f 0
AN

{F@cci(l)} {Fibona@)}

Tim s6 Fibonacai thit .

Bai tap 15

(a) Ching minh tinh ding dan clia thuat todn tim s6
Fibonacci dé quy

(b) Chiing minh rang thi gian chay cla thuat toan 1a O(2")

(c) (x) Cai tién thuat toan dé gidm dd phuic tap thoi gian



Mét sb thuat toan dé quy khac
Thap Ha Noi

1
2

3
4

5

Thuét toan Il

Bai toan: Di chuyén n dia tir coc A sang coc C vdi su trg gilip
cla coc B, trong dé khdng cé hai dia nao c¢é cung kich thudc,
tuan theo cac quy tac:

m Chi dugc di chuyén mét dia méi lugt

m Khéng dugc dat dia Idn hon 1én trén dia nhd han

Hoang Anh Buc

Thuét toan 10: Thuat toan giai bai toan Thap Ha Noi (14) hsp e
Input: S6 nguyén n, coc ngudn A, coc dich C, coc trung
gian B
Output: Day cac budc di chuyén
procedure Hanoi(n, A, C, B):
if n = 1 then
L Di chuyén dia trén cung tir A sang C

return

Hanoi(n —1, A, B, C)
Di chuyén dia trén cung tit A sang C
Hanoi(n —1, B, C, A)




Mét sb thuat toan dé quy khac
Thap Ha Noi

Vi du 16 (Minh hoa giai thuat Thap Ha Noi véi 3 dia) Thoatodn

Hoang Anh Buc

Trang thai ban dau: tat ca dia & coc A

A B C
Bai tap 16
(a) Chitng minh tinh diing d&n cla thuat toan giai bai toan
Thap Ha Noi

(b) Chitng minh rang sé budc di chuyén toi thiu dé giai quyét
bai toan véin diala 2" — 1



Mét sb thuat toan dé quy khac
Thap Ha Noi

Vi du 16 (Minh hoa giai thuat Thap Ha Noi véi 3 dia) Thattodn I

, . ’J N Hoang Anh Buc
Budc 1: Di chuyén dia 1 tr A sang C
Hanoi(1, A, C, B)

>
A B C
Bai tap 16
(a) Chitng minh tinh diing d&n cla thuat toan giai bai toan
Thap Ha Noi

(b) Chitng minh rang sé budc di chuyén toi thiu dé giai quyét
bai toan véin diala 2" — 1



Mét sb thuat toan dé quy khac
Thap Ha Noi

Vi du 16 (Minh hoa giai thuat Thap Ha Noi véi 3 dia) Thoatodn

” . Hoang Anh Buc
Budc 2: Di chuyén dia 2 tir A sang B
Bang thuc hién Hanoi (2, A, B, C)

iy

Bai tap 16

(a) Chitng minh tinh diing d&n cla thuat toan giai bai toan
Thap Ha Noi

(b) Chitng minh rang sé budc di chuyén toi thiu dé giai quyét
bai toan véin diala 2" — 1




Mét sb thuat toan dé quy khac
Thap Ha Noi

Vi du 16 (Minh hoa giai thuat Thap Ha Noi véi 3 dia) Thoatodn

, . ’J N Hoang Anh Buc
Budc 3: Di chuyén dia 1 tuv C sang B
Hanoi(1, C, B, A)

R _—
A B C

Bai tap 16

(a) Chitng minh tinh diing d&n cla thuat toan giai bai toan
Thap Ha Noi

(b) Chitng minh rang sé budc di chuyén toi thiu dé giai quyét
bai toan véin diala 2" — 1




Mét sb thuat toan dé quy khac
Thap Ha Noi

Vi du 16 (Minh hoa giai thuat Thap Ha Noi vdi 3 dia) Thut odn I

Hoang Anh Buc

Budc 4: Di chuyén dia 3 tit A sang C

A B C
Bai tap 16
(a) Chitng minh tinh diing d&n cla thuat toan giai bai toan
Thap Ha Noi
(b) Chitng minh rang sé budc di chuyén toi thiu dé giai quyét
bai toan véin diala 2" — 1



Mét sb thuat toan dé quy khac
Thap Ha Noi

Vi du 16 (Minh hoa giai thuat Thap Ha Noi véi 3 dia) Thoatodn

” N Hoang Anh Buc
Budc 5: Di chuyén dia 1 tu B sang A
Hanoi(l, B, A, C)

Bai tap 16

(a) Chitng minh tinh diing d&n cla thuat toan giai bai toan
Thap Ha Noi

(b) Chitng minh rang sé budc di chuyén toi thiu dé giai quyét
bai toan véin diala 2" — 1



Mét sb thuat toan dé quy khac
Thap Ha Noi

Vi du 16 (Minh hoa giai thuat Thap Ha Noi véi 3 dia) Thoatodn

” N Hoang Anh Buc
Budc 6: Di chuyén dia 2 tir B sang C
Bang thuc hién Hanoi (2, B, C, A)

O
S S
- > > < >
A B c

Bai tap 16

(a) Chitng minh tinh diing d&n cla thuat toan giai bai toan
Thap Ha Noi

(b) Chitng minh rang sé budc di chuyén toi thiu dé giai quyét
bai toan véin diala 2" — 1



Mét sb thuat toan dé quy khac
Thap Ha Noi

Vi du 16 (Minh hoa giai thuat Thap Ha Noi véi 3 dia) Thoatodn

, . ’J N Hoang Anh Buc
Budc 7: Di chuyén dia 1 tr A sang C
Hanoi(1, A, C, B)

Bai tap 16

(a) Chitng minh tinh diing d&n cla thuat toan giai bai toan
Thap Ha Noi

(b) Chitng minh rang sé budc di chuyén toi thiu dé giai quyét
bai toan véin diala 2" — 1



Mét sb thuat toan dé quy khac
Thap Ha Noi

Vi du 16 (Minh hoa giai thuat Thap Ha Noi véi 3 dia) Thugt todn I
, ” Hoang Anh Buc

Hoan thanh! Tat ca cac dia da dudc chuyén tlr coc A sang coc C

Total: 22 — 1 = 7 budc

Bai tap 16

(a) Chitng minh tinh diing d&n cla thuat toan giai bai toan
Thap Ha Noi

(b) Chiing minh rang sb budc di chuyén téi thiéu dé giai quyét
bai toan véin diala 2" — 1



Mét sb thuat toan dé quy khac
SAap xép nhanh (Quicksort)

Thuét toan Il

Hoang Anh Buc

Bai toan: Sap xép mot mang céc phan tlf theo thi tu tang dan.
Y twdng:
m Chon mét phan tf trong mang lam chét (pivot) (1) stosipmrann vz
m Phén hoach mang thanh hai phan: cac phan tr nho hon
pivot va cac phan tit I6n hon pivot
m Dat pivot vao dung vi tri clia né
m Dé quy sap xép hai phan trudc va sau pivot
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oo Ty

Mét sb thuat toan dé quy khac
SAap xép nhanh (Quicksort)

Jo

£
o

Thuét toan Il

Thuat toan 11: Thuat toan sap xép nhanh (Quicksort)

Py N 2 & N Hoang Anh Burc
Input: Mang A va cac chiso pvar

Output: Mang A dugc sdp xép trong doan tir p dén »

1 procedure QuickSort (A4, p, r):

2 // S8p xép mdng A ti vi tri p dén r

3 if p < r then

4 // Diéu kién ding: néu mdng cdé it nhdt 2 phin tl

5 q < Partition(A4, p, r) // q la vi tri cudi cing cla pivot Tim s6 Fibonacci thit

6 QuickSort (A, p,q—1) // P& quy s8p x&p ming con bén trai pivot fheot )

7 QuickSort (A, ¢+ 1, 1) // D& quy s8p x&p ming con bén phai pivot S5 hanh (Quicksor)

8 procedure Partition(A, p, r):

// Phan hoach ming va trd vé vi tri clia pivot
10 x <+ Alr] // Chon pivot 14 phin td cudi cing cla ming
11 i+—p—1 // i theo ddi vi tri cudi cing cla ving nhd hon pivot
12 forj+ ptor—1do
13 // Duyét qua t&t cad cac phdn td trit pivot
14 if A[j] <z then
15 /* Néu phan t& hién tai khéng 18n hon pivot */
16 i i+1 // M8 réng ving cac phén td nhd hon pivot
17 Déi chd Ali] va Alj] // bua phin ti nhé hon pivot vé ddu méng
18 Déi chd Afi + 1] va Alr] // Pat pivot vdo ding vi tri cidia né

19 returni + 1 // Trd vé vi tri clia pivot trong ming d& phan hoach




Mét sb thuat toan dé quy khac

SAap xép nhanh (Quicksort)

Vi du 17 (Minh hoa thuat toan Quicksort)

LB E

Mang ban dau, pivot = 2

Sau phan hoach: [1] pivot=2 [3,5,4]

Phan bén trai chi ¢6 1 phan t&, da sap xép
Phan hoach phan bén phai, pivot = 4

Sau phan hoach: [3] pivot=4 [5]

Phan bén phai da sap xép

Mang da dugc sip xép hoan chinh

i

1.’(\";
)

Jo

175
“avoc Ty

2

o

Thuét toan Il

Hoang Anh Buc

Thap
Sép xép nhanh (Quicksort)



Mét sb thuat toan dé quy khac
SAap xép nhanh (Quicksort)

Bai tap 17

(a) Ching minh tinh ding dan cla thuat toan s&p xép nhanh

(b) Phan tich do phuic tap thdi gian cla thuat toan sap xép
nhanh:

= Trudng hop tt nhat: O(nlogn)
m Trudng hgp xau nhéat: O(n?)

Thuét toan Il

Hoang Anh Buc

Ti 0 Fibonacci thir
Thap Ha Noi
Sép xép nhanh (Quicksort)
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