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NOi dung

Pinh nghia va mét s6 khai niém

M6 ta thuét toan
Quy tac viet gia ma
Vi du

Chung minh thuat toan
Bat bién vong lap
Vi du

D6 phuec tap tinh toan
Do tang cua cac ham
binh nghia va khai niém
Pd phuce tap tinh toan theo thoi gian
Vi du

Tim kiém va Sap xép ,
Mot so thuat toan tim kiém
M6t sb thuat toan sap xép
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Pinh nghia va mot s6 khai niém

Thuéat toan |

m MOt thuat toan (algorithm) la mét tap htru han cac hudng Hoang Anh Blic
dan cu thé dé thuc hién mot nhiém vu nao dé it o va ot o5
m cong hai s0 ty nhién biéu dién dudi dang s6 thap phan kndi niem
m dang ky mon hoc tryc tuyén
m di tu nha dén truong
m Mot chuong trinh may tinh (computer program) la
m mot mo ta cua thuat toan nao do
m sU dung mot ngdn nglt du chuan xac dé may tinh cé thé
hiéu
m clng vdi cac phép todn ma may tinh da biét cach thuc hién
Ta ndi rang thuat toan dugc cai dat (implement) cu thé
bang chuong trinh may tinh

m Khi mé mét phan mém trong may tinh, ta néi rang chuong
trinh hodc thuat todn cua no duoc chay hoac duoc thuc
hién bdi may tinh

m Khi cé mo ta clia mét thuat todn, ban cling cd thé thuc
hién turng bu'dc cua thuat todn vdi giay va but
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Pinh nghia va mot s6 khai niém

Thuéat toan |

Mot s6 tinh chat cla mot thuat toan

Pau vao (Input) M6t thuat toan cé céc gid tri dau vao tr mot tap -
da duoc xac dinh trudc odimen
Pau ra (Output) TU mbi mdt tAp cac gid tri dau vao, mot thuat toan
sinh ra cac gid tri dau ra. C4c gia tri nay chinh 12 [0
giai cho bai toan
Tinh xac dinh (Definiteness) Cac budc clia mot thuat toan can
phai dugc xac dinh mot cach chinh xac
Tinh ding dan (Correctness) V&i méi tap gid tri dau vao, mot
thuat todn can cho ra két qua dau ra diing
Tinh httu han (Finiteness) Voi mMOi tap gid tri dau vao, mot thuat
toan can cho ra cac gla tri dau ra mong mudn sau
mot s6 hiru han (co thé 1a rat I16n) cac budc
Tinh hiéu qua (Effectiveness) M&i budc clia thuat toan can duoc
thuc hién mot cach chinh xac va trong thai gian htru
han
Tinh tong quat (Generality) Thuat toan phai 4p dung duoc cho
moi bai toan mong muon, chi khdng phai chi véi
mot tap cac gia tri dau vao dac biét

Hoang Anh Buc
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Pinh nghia va mot s6 khai niém

Thuéat toan |
m Mot thuét toan cling ¢ thé duge maé ta bang mét ngén Hoang Anh B
ngu’ may tinh (G, Python, Java, v.v...). Tuy nhién, nhirng Binh nghia va mot sb

khai niém

mo t& nay can tuan theo cac chi dan cu thé trong ngén
ng may tinh tuong tng. Diéu nay dan dén viéc cac mo ta
theo phuong phap nay thuong phuc tap va kho hiéu

m Thay vi dung mot ngdn nglt may tinh cu thé dé moé ta thuat
toan, ta st dung ngoén ngur théng thudng, gia ma
(pseudocode), hoac so dé khoi (flowchart)

m Mot md ta day du cla mot thuat toan bao gdom ba phan
(1) Thuat toan (algorithm)
m M6 td mot cach r rang va chinh xac nhat c6 thé
m Thuong kem theo mo ta ngan gon vé y tudng clia thuét toan
(2) M6t chirng minh vé tinh ding dan (correctness) cla thuat
toan
m V6i moi tAp dau vao, thuat todn can cho két qua dau ra dung
(3) Mot phan tich vé thoi gian chay (running time) cla thuat
toan
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Mo ta thuét toan

Mot s quy tac viét gia ma

Thuéat toan |

m Gid ma (pseudocode) 1a mét dang hon hap gilta ngén ngly Hoang Anh Bic
thong thuong va ngdn ngtr 1ap trinh

m Mot bién (variable) dugc s dung dé biéu dién vi tri trong
bd nhd may tinh dé Iuu trir mot gid tri. Khi ta ndi dén mot oy it g
bién X nao do, trén thuc té, ching ta muén sl dung gia tri
luu tai mot vi tri nao dé trong b nhé Ung vai X

m MOt phep gan (assignment) thuong cé dang
variable := expression, trong do biéu thiic expression & vé
phai sé dugc tinh todn va két qua tinh toan dugc luu trir &
vi tri trong bd nhd tuong Uing vdi bién variable

m Trong cau tric diéu kién (conditional statement) if
condition then S; else S, biéu thiic condition dugc tinh
toan va sé cho ra gia tri cudi cung la True (ding) hodc
False (sai). Néu True thi doan ma S; sé dugc thuc hién,
con nguagc lai thi S, sé dugc thuc hién. Sau khi S; hoac S
duoc thuc hién, cac lIénh ngay tiép sau cau truc diéu kién
se dugc thuc hién
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Mo ta thuét toan

Mot s quy tac viét gia ma

Thuéat toan |

Hoang Anh Buc

m Trong vong lap for (for loop) fori =1 ton do S, gia tri ban
dau clia bién ; dugc gan bang 1. Néu gia tri clia : nhé hon
hodc bang n, doan ma S sé dudc thuc hién. Poan ma S cé
thé st dung bién i hodc khéng. Sau méi lan thuc hién S
(Ian Ip (iteration)), bién i dugc tAng thém 1 va duoc kiém
tra xem gid tri sau khi tdng cla i ¢é phai van nhd hon hoac
bang n hay khéng. Néu két qua |1a True thi vong lap duoc
thuc hién thém moét 1an nira véi gia tri mai cla i. Nguoc lai,
cac lénh tiép theo ngay sau vong for dugc thuc hién

m Trong vong lap while (while loop) while condition do S,
doan ma S dudgc thuc hién bat ké khi ndo gia tri clia biéu
thirc condition con dung (True). Néu condition sai ngay khi
bat dau vong 1ap while thi S khéng bao gid dugc thuc hién

m Moi thir nam sau céc dau // hodc nam gilta /* va */ 1a
cac nhan xét hoac chu thich ma chuong trinh sé bd qua

Quy tac viét gia ma
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Mo ta thuat toan
Vidu

Thuéat toan |

Hoang Anh Buc

Vi du 1 (Mb ta thuat toan bang ngdn ngl théng
thuong)
m Bai toan:
m Input: a1, as, ..., a,: ddy sO nguyén
m Output: Gia tri clia phan t I6n nhat trong day
m Tim gia tri cGia phan t& I&n nhat:
(1) Gan gid tri cia m6t bién tam thoi v (phan tlr I6n nhat dén
thoi diém hién tai) bang a;
(2) Xét phan tt ngay tiep theo trong day ‘
(8) Néu phan tir d6 I6n han v thi gan gia tri cua v bang gia tri
clia phan tr , ‘
(4) Lap lai (2) va (3) cho dén khi khong con phan ti nao dé xét
(5) Tra lai gia tri cia v

Vidu
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Mo ta thuat toan
Vidu

Thuéat toan |

Hoang Anh Buc

Vi du 2 (Thuc hién thuat toan)
m Input: D3y a; = 7,as = 12, a3 = 5, a4 = 16, a5 = 9 O%
m Output: Gia tri cla phan t& 16n nhat trong day st i vong 2

Vidu

a 1 CL2 0,3 a/4 CL5 Do tang cla cac ham
DBinh nghia va khai niém

7 ]. 2 5 ]_ 6 9 D0 phtc tap tinh toan theo

thai gian

1 =2 1 =3 1 =4 1 =25 Vi dy

Mot s6 thuat toan tim kiém

Mét s6 thuat toan sap xép
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Mo ta thuat toan
Vi du

Vi du 3 (M0 ta thuat toan bang so do khoi)

- Hoang Anh Duc

Input: Day aq,as,...,a,
Quy téc viét gia ma
Vidu
Vi=a;
Bat bién vong 1&p
i:=2 Vi du
Do tang cla cac ham

DBinh nghia va khai niém

D6 phurc tap tinh todn theo
thai gian
Vidu

fOutput: v ; , :
Mot so thuat toan tim kiém

Mbt sb thuat toan sap xép

Liéu i > n?

Liéu a; > v? K&t thiic

Sai

=141
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Mo ta thuat toan
Vidu

2

5

Thuéat toan |

Vi du 4 (M6 ta thuat toan bang gid ma)

Thuat toan 1: Tim gia tri cla phan t{ I6n nhat

- @ Vi du
Input: a1, ao,...,a,: day s6 nguyén
Output: Gia tri cia phan tu 16n nhat trong day
vi=aq // phan td 16n nhdt dén hién tai
fori:.=2tondo // lan ludt xét as,...,a,
ifa; >vthen // a; > phan t# 16n nhit hién tai?
v = ay // bay gid v 16n nhit trong
al,...,aq;

return v
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Chung minh thuat toan

Bat bién vong 1&p

m C6 rét nhiéu phuang phap khac nhau dé chiing minh tinh
dung dan cua mét thugt toan

m Mét trong s6 dé la s dung bat bién vong lap (loop
invariant)}—mot phuong phap dugce xay dung dua trén
phuong phap quy nap toan hoc

m Vong lap (loop): for, while, v.v...
m MOt bat bién vong Idp 1a mét phat biéu luén ding trudc va
sau méi Ian I13p (iteration) cia mét vong I3p (loop)
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Thuéat toan |

Hoang Anh Buc

Quy téc viét gia ma
Vidu

Bat bién vong lap
Vidu

Do tang cla cac ham

DBinh nghia va khai niém
D6 phurc tap tinh todn theo
thai gian

Vidu

Mot s6 thuat toan tim kiém

Mbt sb thuat toan sap xép



Chung minh thuat toan

Bat bién vong 1&p

Ta can chi ra ba diéu vé mét bat bién vong lap L Hg:g:ha'uc
Khai dong (Initialization) L ding trudce lan 1ap dau tién cua
vong lap

Duy tri (Maintainance) Néu L dung trudc mot 1an lap cuia vong
lap thi no cung dung trudc 1an lap tlep theo

Dung (Termination) Khi vong lap dung, bat bién vong 1ap cho
ta mot tinh chat hitu ich dé chlérng minh thuat
toan dung

Bat bién vong lap

Bt dau vong I53p

B4t bién vong 13p L ding

Lénh trong vong l3p | Dung a|

diéu kién 13p » K&t thic vong l3p
LAB dung\/L A =B ding

Hinh: Bat bién vong 1ap
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Chung minh thuat toan

Bat bién vong 1&p

VI’ dU 5 Thuét toan |
M6t bat bién vong 18p trong Thuét toan 1 (vong for & Dong 2-4) tim gid tri Floang Anh Bte
I6n nhat trong day s6 nguyén ay, ..., a,

L := O'trude lan I3p véi bién i, v = max{ay, as, ..., a;_1}

Goi v; la gia tri cGa v trudc lan 13p véi bién i
m Kh&i déng (; = 2): Ta can chi ra rang truéc vong for,
vo = max{ai} = a1, va diéu nay hién nhién dung do Thuét toan 1 gan
v bang a; & Dong 1 e
m Duy tri: Gia st L diing & truéc 1an 13p vdi i = k ndo do, nghia la
vp = max{ai,...,ap_1}. Ta ching minh L ding & trudc lan Iap véi
i =k+1,nghiala vy = max{as,...,ar_1,ax}. Ta xét cac truong
hop dua trén diéu kién & Dong 3
m Néu a;, > v = v, sai, gid tri clia v khong thay déi, va do dé v,1 = vi. Ta

cO max{ai,...,ax_1,ar} = max{vy,ar} = vg. Suy ra
Vk+1 = max{ai,...,ar-1,ak} )
m Néu a, > v = v, dlng, gid tri clla v dugc gan bang ax, va do dé
Vk+1 = ak. 1a clng ¢6 max{ai,...,ak—1,ar} = max{vg,ar} = ax. Suy
ra vgt+1 = max{ai,...,ag—1,0k}

m Dirng: Sau khi két thic 1an 13p i = n (hodc, trudc khi bat dau lan Iap
i =n + 1 ma sé khong bao gio duoc thyc hién), v = max{as,...,an}
va do dé la gia tri I6n nhat clia cac phan tr trong day dau vao
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Chung minh thuat toan

Bat bién vong 1&p

o K W N =

(o))

Thuéat toan |

Bél tép 1 Hoang Anh Burc
Mot thuat todn tinh ™ vdiz € R™ van € N dugc mo ta nhu sau

Thuat toan 2: Tinh z".

Input: z: s6 thuc duong, n: s6 tu nhién
Output: Gia tri cua ="
answer := 1 o’
m:=n
while m > 0 do
answer := answer x x
L m:=m — 1

return answer

Hay chiing minh phat biéu L sau 1a mét bat bién vong lap cho
vong while

O trudc lan Iap vdi bién m, answer = "™

62



Do phuc tap tinh toan

Do tang clia cac ham

Thuéat toan |

m Viéc phan tich (analysis) mét thuat todn yéu cau cung cap Hoang Anh Bitc
mot xap xi vé thoi gian (time) va boé nhd (space) can thiét
dé thuc hien mot thuat todn

m DO phuc tap (complexity) cia mot thuat toan la lugng thoi
gian va bd nhd can dé thuc hién mét thuat toan

m Thuong dudc thé hién théng qua cac ham cla kich thudc
ctia dau vao (input size)

m DE danh gid va so sanh dd phic tap cla cac thuat toan
khac nhau, ta gidi thiéu ky hiéu O-lon (big-O notation) va
mo ta cach xap xi do tAng cla cac ham thdng qua ky hiéu
nay va tir dé xap xi do phuc tap cla cac thuat toan

m V&icac ham f: R — R hodc f : N — R, trong nhiéu trutng
hap ta can tim hiéu xem chiing ting nhanh dén mdc nao

m So sanh cac ham: Néu f tang nhanh hon g thi f(z) > g(x)
vOi “gia tri z da 16n”

m So sanh tinh hiéu qua clia cac thuat toan khac nhau clng
gidi quyét mot bai toan

Do tang cla cac ham
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Do phuc tap tinh toan

Do tang clia cac ham

A Ky hiéu O-lon

Cho f va g 1a cac ham R — R. Ta ndi rang flaO(g) (docla“f
la O-16n cla ¢” hoac “f thudc 16p O(g)”) néu ton tai cdc hang

s6 C vak sao cho | f(z)| < Clg(z)| vdi moi z > k

A Ky hiéu O-lIon

Cho fvaglacachamR — R. Gia s g(z) # 0 véi z € R du

I6n. Ta néi rang f /142 O(g) (doc 1a “f 1a O-16n cla ¢” hoac “f
thudc 16p O(g)”) néu lim (@) la hau han
z—o0 |g(z)]

m [ 12 O(g) néu tir sau diém k nao do, gia tri cla ham f
khéng vuot qua gid tri ciia mot hang so6 nhén vGi gid tri clia
ham g. Ta cung noi “f bi chan trén bai g

m Cac hang s6 C va k dugc goi la cac bang chung (witness)
cho mai lién hé gitta f va g. Dé xdc dinh f 12 O(g), chi can
mot cdp bang chung la du

Thuéat toan |

Hoang Anh Buc

Quy tac viét gia ma
Vidu

Bat bién vong 1&p
Vidu

@ DO tang clia cac ham
DBinh nghia va khai niém
D6 phurc tap tinh todn theo
thai gian
Vidu

Mot s6 thuat toan tim kiém

Mbt sb thuat toan sap xép
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Do phuece tap tinh toan =

Do tang clia cac ham

-
%

E
04 HOC TY NHIEN

Thuéat toan |

A Hoang Anh Buc

x Quy téc viét gia ma
Vidu

Bat bién vong 1&p
Vidu

DO tang clia cac ham

DBinh nghia va khai niém
D6 phurc tap tinh todn theo
thai gian

Vidu

Mot s6 thuat toan tim kiém

Mbt sb thuat toan sap xép
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Do phuc tap tinh toan

Do tang clia cac ham

Thuéat toan |

Hoang Anh Buc

Vidu 6
Ta chitng minh ham f : R — R cho bdi f(z) = 2% + 2z + 112
O(g) Vv6i g(z) = x* (Ta cling viét 22 + 2z + 1 1a O(2?))
Cach 1:
m Chuyrangkhiz >1,tacdz <a?val < z?
m Do do véi moiz > 1, ta cd

@ Do tang cla cac ham
f(2)] = |z + 2z + 1| < |2* + 22* + 2°| = 4]2?]

mTachonC =4vak=1
2
Cach 2: Do lim ()] = lim 27+ 20+ 1

= 1,taco
T —5 00 \g(:c)\ T — 00 \x2\
f=0(g)

62



Do phuc tap tinh toan

Do tang clia cac ham

- Nhac lai: Quy tac L’Hospital (LHospital’s rule)

f(n)

Néu lim f(n) = oo va lim g(n) = oo, thi lim —= =

/
li_>m ;83 trong do f’(n) va ¢’(n) 1an lugt 12 dao ham cla

f(n) va g(n)

62

Thuéat toan |

Hoang Anh Buc

Quy téc viét gia ma
Vidu

Bat bién vong 1&p
Vidu

Do tang clia cac ham

DBinh nghia va khai niém
D6 phurc tap tinh todn theo
thai gian

Vidu

Mot s6 thuat toan tim kiém

Mbt sb thuat toan sap xép



Do phuc tap tinh toan

Do tang clia cac ham

Vidu7

Thuéat toan |

Hoang Anh Buc

Ta chitng minh 22 14 O(2%) bang céch sl dung dinh nghia

O-16n theo gidi han. Ta co
2‘ 72
lim = lim —

, 2x
= lim
r—o00 2% . In 2
2 T

= —— lim —
In2 z—oc0 2%

2 . 1

~ In2 2500 27 - In 2

= 0.

|z

Do do, =2 = O(2%)

Quy tac LHospital
@ DO tang clia cac ham

Quy tac L'Hospital
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Do phuc tap tinh toan

Do tang clia cac ham

Ch y oo o

[Néu khéng dé cap gi thém thi log(n) = log,(n)
Bai tap 2
Chung minh

(a) Tz la O(z?)

(b) x® khéng la O(z?)

() 1+2+---+nla0(n? D thng i o him
d nl=1x2x---xnlaOnm")

(e) log(n!) la O(nlogn)

(f) n3 12 02"

(9) logn laO(n)

(h) V@i cdc hdng s6b > 1 vak > 0,log,(n*) 1a O(logn)
Bai tap 3
Hay giai thich mét ham f : R — R la O(1) nghia la gi e



Do phuc tap tinh toan

Do tang clia cac ham

Thuéat toan |

Hoang Anh Bc
Bai tap 4
Chiing minh rang
(a) z° la O(z*) nhung x* khéng la O(z?)
(b) 3z* +1 12 0(z*/2) vaz*/2 12 O(3z* + 1)
(c) zlogx la O(x?) nhung x* khéng la O(xlog x)
(d) 2™ la O(3™) nhung 3™ khéng la O(2")
Baitap 5
Chitng minh rang néu f(x) 1a O(x) thi f(x) clng la O(z?)
Bai tap 6
Chuing minh rdng néu f(z) =apnz™ +an_12" 1+ -+ a1z + ag

VGi ag, a1, . .. ,an la cdc sb thuc (nghia 13, f(x) la mét da thire
bacn) thi f 1a O(z™)
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Do phuc tap tinh toan

Do tang clia cac ham

Thuéat toan |

m Ky hiéu f(n) = O(g(n)) thudng duoc st dung dé chi f(n) la
O(g(n)) |
m Ky hiéu nay khéng hoan toan chat ché vé mat toan hoc, do f(n) la
mot ham con O(g(n)) la mot tap hop cac ham ]
m f(n) = O(g(n)) trén thuc té nghia la f(n) € O(g(n)), do do co thé
Vit n = O(n?) nhung khéng nén ViétO(n2) =n
m Ban c6 thé gap biéu thiic dang “f(n) + O(g(n)) = O(h(n))”
m Dau “=" & day nghia la “C”. Cu thé, biéu thic trén can dugc hiéu la
tap hgp S gébm cac ham f(n) + g1(n) vdi g1(n) € O(g(n)) la tap con
cua tap O(h(n))
m Ban c6 thé gap biéu thiic dang “f(n) < g(n) + O(h(n)) véi moi
n > 0” hoac tuong tu
m Nghia 14 t6n tai e(n) sao cho (a) f(n) < g(n) + e(n) véi moin > 0
va (b) e(n) € O(h(n))
m M6t sb tac gia dinh nghia O-16n bang cach thay diéu kién
|f(z)| < Clg(z)| bang 0 < f(x) < C(g(x)). (Lam viéc v6i gid tri
tuyét d6i va kha nang cac ham f(z) va g(z) ¢ thé nhan gid tri &m
thuong khd han la chi lam viéc vdi cac ham nhan gia tri duong.)
bPinh nghia theo cach nay khéng hoan toan chat ché. Vi du nhu
ham log = ¢4 thé nhan gid tri Am véi z nhd

Hoang Anh Buc

Do tang cla cac ham
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Do phuc tap tinh toan

Do tang clia cac ham

4096
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[ R .’

Hinh: D tang cla mot s& ham thudng dung khi danh gia véi ky hiéu
O-16n [Rosen 2012] o
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Thuéat toan |

Hoang Anh Buc

Quy téc viét gia ma
Vidu

Bat bién vong 1&p
Vidu

Do tang clia cac ham

DBinh nghia va khai niém
D6 phurc tap tinh todn theo
thai gian

Vidu

Mot s6 thuat toan tim kiém

Mbt sb thuat toan sap xép



Do phuc tap tinh toan

Do tang clia cac ham

Thuéat toan |

Mot s& xap xi hitu ich

(1) Néu d > ¢ > 1, thi n¢ 12 O(n%), nhung n¢ khéng 1a O(n°)

(2) Néu b > 1 va ¢, d 1a céc so duong, thi (log, n)¢ 1a O(n?)
nhung n¢ khong la O((log, n)¢)

(3) Néu b > 1 va d |a s6 duong, thi n 13 O(b"™) nhung b"
khong 1a O(n?)

(4) Néu ¢ > b > 1, thi b" 14 O(¢"™) nhung ¢™ khéng 1a O(b")

Mot sé tinh chéat quan trong 06 ang o céc ham

(a) Neu fi(z) = O(gi(x)) va fa(x) = O(ga(x)) thi

(f1 + f2)(z) = O(g(x)) trong do
9(x) = max{|gi ()|, |g2(x)|} vOi moi z € R

(b) Néu fi(z) = O(g1(z)) va fa(zx) = O(ga(x)) thi
(f1f2)(z) = O(g1(z)g2(x))
Bai tap 7
Udc lugng theo O-I6n ham f(n) = 3nlogn! + (n? + 3)logn

Hoang Anh Buc
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Do phuc tap tinh toan

Do tang clia cac ham

A Ky hiéu Q-lon

Cho f va g la cadc ham R — R. Ta ndi rang f /a Q(g) neu ton
tai cac hang s6 C' > 0 va k sao cho |f(x)| > C|g(x)| vOi moi
x>k

A Ky hiéu Q-lon

Cho f vaglacachamR — R. Gia st g(z) # 0 vGi z € R dl
I6n. Tandirang f /12 Q(g) néu lim /(@) khac 0
o0 |g(x)]

Bai tap 8
Chitng minh rang f 1a Q(g) khi va chi khi g 1a O(f)

Thuéat toan |

Hoang Anh Buc

Quy téc viét gia ma
Vidu

Bat bién vong 1&p
Vidu

@ Do tang clia cac ham
DBinh nghia va khai niém
D6 phurc tap tinh todn theo
thai gian
Vidu

Mot s6 thuat toan tim kiém

Mbt sb thuat toan sap xép
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Do phuc tap tinh toan

Do tang clia cac ham

Thuéat toan |

q Chu y Hoang Anh Buc

f la O(g) theo nghia nao dé la “dé tang cua f < do tang cua
¢”. Tuy nhién, ban can can than! V@i hai sé thuc a,b € R, cdc
bat dang thiic a < b va b < a khéng thé cuing sai. Nhung tén
tai ham f sao cho f = O(g) va f = Q(g) cung sai

Bai tap 9 ()
Tim cdc vi du clia cdc ham f : R — R théa man cédc diéu kién Do tang cla céc him
(a) — (d) tuvong ung

f(n)laOo(n?) | f(n) khéng la O(n?)
f(n) la Q(n°) (a) (b)
f(n) khéng la Q(n?) (c) (d)

Cu thé, & (a), ban can tim vi du vé mét ham f(n) dong thoi 14
O(n?) va Q(n?) va chitng minh vi du ban tim ra la dung. Tuong

\

tu cho cdc phan (b), (c), va (d)
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Do phuc tap tinh toan

Do tang clia cac ham

Thuéat toan |

— Ky’ hiéu @'Idn Hoang Anh Buc
Cho fvaglacdchamR — R. Tandirang f 12 ©(g) néu f 14
O(g) va f la€(g) e

A Ky hiéu O-lon

?

Cho fvaglacachamR — R. Gia st g(x) # 0 v6i z € R dU e
)|

, T \ A . X \ L~ \ .
IGn. Tanoirang f la ©(g) néu lim EA la huu han va khac (25) 08 g i céc v
L—>00 |g(33) ‘ Binh nghia va khéi niém
0 ;)giphigg tap tinh toan theo
V{dj

Bé.' tép 10 M6t sb thuat todn tim kiém
Chung minhrangl1+2+---+n la O(n?) Mt ugt o s o
Bai tap 11

Ching minh rang véi cdc ham f,g t/'R dénR, f 1a ©(g) khi va

chi khi tén tai cdc hang so6 duong C, C», va k sao cho

Cilg(z)| < [f(z)| < C2lg()| voimoix > k .



Do phuc tap tinh toan

Do tang clia cac ham

| Ky hiéu o-nhé

Cho f va g la cac ham R — R. Ta ndi rang f /a o(g) néu vdi
moi C' > 0 tén tai k sao cho | f(x)| < C|g(z)| voi moi z > k

A Ky hiéu o-nhé

Cho f va glacachamR — R. Gia st g(z) # 0 vGi z € R dl
I6n. Ta ndirang f /a o(g) néu lim 7@l bang 0
n—oo |g(z)|

| Ky hiéu o-nhé

Cho fvaglaciachamR — R. Tandirang f /a2 o(g) néu f 13
O(g) nhung f khéng la Q)(g)

Thuéat toan |

Hoang Anh Buc

Quy téc viét gia ma
Vidu

Bat bién vong 1&p
Vidu

@ Do tang clia cac ham
DBinh nghia va khai niém
D6 phurc tap tinh todn theo
thai gian
Vidu

Mot s6 thuat toan tim kiém

Mbt sb thuat toan sap xép

62



Do phuc tap tinh toan

Do tang clia cac ham

A Ky hiéu w-nho

Cho f va g la cac ham R — R. Ta ndi rang f /a w(g) néu vdi
moi C' > 0 tén tai k sao cho | f(x)| > C|g(z)| voi moi z > k

A Ky hiéu w-nho

Cho f va glacachamR — R. Gia st g(z) # 0 vGi z € R dl

I6n. Ta ndi rang f /1aw(g) néu lim f(z)
o0 |g(2)]

bang oo

A Ky hiéu w-nho

Cho f va g lacachamR — R. Gia sU g(x) # 0 véi x € R du
I6n. Tanoirang f law(g) néu f la)(g) nhung f khéng la O(g)

Thuéat toan |

Hoang Anh Buc

Quy téc viét gia ma
Vidu

Bat bién vong 1&p
Vidu

@ Do tang clia cac ham
DBinh nghia va khai niém
D6 phurc tap tinh todn theo
thai gian
Vidu

Mot s6 thuat toan tim kiém

Mbt sb thuat toan sap xép
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Do phuc tap tinh toan

Do tang clia cac ham

Thuéat toan |

Tém lai, vGi cdc ham f va gty R dén R
m flaO(g) “f tang khdng nhanh hon ¢” tuwong tu “<”

Hoang Anh Burc

3C, k Ve >k [f(x)] < Clg(x)

Quy tac viét gia ma

m flaQ(g) “f tang it nhat nhanh nhuv ¢”  twong ty “>" R

3C > 0,k Vx >k |f(z)] > Clg(z)| stinvor o
m flaog) “f tang nhanh nhu ¢~ tuong tu “=" 55 g od oo
1C, > 0,05 > 0,k Ve >k Ci|g(x)| < |f(x)] < Colg(z) %fghghtptk:t?;
m flao(g) “f tang cham hon ¢” tvong tu “<” u

Mot s6 thuat toan tim kiém

Mbt sb thuat toan sap xép

VC > 03kVe >k |f(x)] < Clg(x)]
mflaw(g) “f tang nhanh hon ¢” twong tu “>”
VC > 03kVx >k |f(x)] > C|g(x)]
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Do phuc tap tinh toan

DPinh nghia va khai niém

Thuéat toan |

Hoang Anh Buc

m Mot thuat todn can luén xuat ra két qua dung va tot nhat 1a
co hiéu suat cao
m Do phifc tap (complexity) cua mot tinh toan la mot cach do
dé “khd” cla viéc thuc hién tinh toan dé
m D0 phiic tap theo thoi gian (time complexity): SO cac toan ti
hoac so budc can thiét
m D6 phifc tap theo b nhd (space complexity): S6 cac bit
trong b6 nhd can thiét
m Phan I6n cac thuat todn cé do phuc tap khac nhau doi vdi
cac dau vao co kich thudc khac nhau
m Tim kiém trong mot day dai thuong ton nhieu thai gian hon
tim kiém trong mot day ngan
m Do do, do phuc tap tinh toan thudng duoc bi€u dién dudi
dang mét ham (function) cla kich thudc dau vao (input
size)

binh nghia va khai niém
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Do phuc tap tinh toan

1310 E)htrc tap tinh toan theo thoi gian

Thuéat toan |

m Khi xét d6 phirc tap cua mét thuét toan, ta khéng quan tam Hoang Anh Bic
den so lugng chinh xac cac toan tir/bit can thiet ma chi
can mét danh gia tiém can (asymptotic estimate)

m MOt cdng cu htru ich cho viéc danh gia d6 phuc tap tinh
toan la cac ky hiéu O-I6n, Q-16n, va ©-l6n

m Chung ta sé tap trung vao do phuc tap tinh toan theo thoi
gian (time complexity) (chl yéu 1a trong truong hop xau
nhat)

m Do phiic tap trong trudng hop xau nhat (worst-case 615 phf tap tinh tod theo
complexity): xap xi thdi gian nhiéu nhat can dé giai quyét o gar
cac trudng hop dau vao véi méi kich thudc dau vao

m DO phuc tap trong truong hop trung gian (average-case
complexity): xap xi thdi gian trung binh can dé gidi quyét
cac trudng hop dau vao véi méi kich thudc dau vao

m Do phiic tap trong trudng hop tot nhat (best-case
complexity): xap xi thdi gian it nhat can dé giai quyét cac
trudng hop dau vao véi méi kich thudc dau vao
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Do phuc tap tinh toan

DPo phuc tap tinh toan theo thai gian

Thuéat toan |

Hoang Anh Buc

m Dé don gian, ta thudng mé ta thoi gian chay cua thudt
todn theo O-I6n. Chu y rang véi nhiéu thuat toan, ta co thé
thu dugc danh gia tot han véi xap xi theo ©-16n. Tuy nhién
khéng phai ltic ndo ta ciing 1am dugc diéu nay
m Nhiéu téc gid viet “f(z) 1a O(g(x))” trong khi diéu ho thuc ¢y oo e
sy muon thé hién la “f(z) 1a ©(g(x))” er e
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Do phuc tap tinh toan

DPo phuc tap tinh toan theo thai gian

Thuéat toan |

Mot s6 quy tac tinh do phiic tap thuat toan theo thoi gian
m Thdi gian thuc hién cac 1énh gan (:=), tra lai (return) 1a
O(1), va gia su thoi gian thuc hién cac phép toan co ban
(cong, tru, nhén, chia, so sanh, v.v...) cing la O(1)

m Chi y rang véi phan ciing hitu han (64-bit CPU chi biéu
dién dugc t6i da cac s6 nguyén cé gia tri nhd hon 2°* dudi
dang sO nhi phan), viec cong hai so nguyen do dai n bit biéu
dién dudi dang so6 nhi phan cé dé phic tap O(n)

m Do phuc tap clia mot chudi tuan tu cac budc 1 tong cla
do phtc tap cua tirng budc oh ot v i
m Thoi gian thyc hién cAu tric if...then...else 1a thai gian 16n 7 wiaen
nhat thuc hién cac Iénh sau then hoic sau else va thoi
gian kiém tra diéu kién
m Thoi gian thyc hién vong I&p 1 tong thdi gian thirc hién
cac lan 1ap va thai gian kiém tra diéu kién 1ap. Néu thdi
gian thuc hién méi lan 1ap 1a glong nhau, thi tdng thdi gian
thuc hién cdac 1an 13p 1a tich cla sb lan 1ap va thoi gian
thuc hién méi lan 1ap -

Hoang Anh Buc



Do phuc tap tinh toan

1310 E)htrc tap tinh toan theo thoi gian

Thuéat toan |

Hoang Anh Buc

Bang: Mét sb thuat nglr thudng dung

Do phuc tap Thuat nguw
(1) P phtc tap hang so6
(constant complexity)
b6 phuec tap l6garit
Ologn) (logarithmic complexity)
P phiic tap tuyén tinh
On) (linear complexity)
O(n 10 n) .Dé phlj’C tap nlogn @ t?é)ﬂp;i:’lrﬁtaptl'nhtoa’mtheo
5 (linearithmic complexity)
O(n?) Do phuc tap da thuc

(polynomial complexity)
b6 phuc tap ham ma
(exponential complexity)
b6 phuc tap giai thua
(factorial complexity)

O(™),vlib > 1

O(n!)
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Do phuc tap tinh toan

Vidu
Thuéat toan |
Thuat toan 1: Tim gia tri cha phén tlr 16n nhit Hoang Anh D
Input: ay,as, ..., a,: diy sb nguyén
Output: Gia tri cia phan ti I6n nhat trong day
10 :=a ]
2 for 1 := 2 to n do
3 Lif a; > v then i to
4
4 LU = Q;
5 return v i3
T(n)=ti+t2+ts |[T(n)1AOMN)| |T(n)laO(n)
t1,t3, 5 1a O(1) (xau nhat) (t6t nhat)
n
ty =) [t;‘l + (t.g. tAng i va kiém tra i < n)
i=2

ti =t5 + (t.g. kifmtra a; > v) = O(1)
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Thuéat toan

Mot sb bai tap

Bai tap 12 Thuat toan |

p . , » , P . . i _ Hoang Anh Buc
(a) Thiét ké thuat toan dé tinh tong cua tat ca cac so hang trong mét day
SO nguyén ay, ay, .. ., a, cho truéc
(b) Chung minh thuat toan ban thiét ké la dung
(c) Pdnh gid thoi gian chay cua thuat todn ban thiet ké
Bai tap 13
Mot chudi ky tu dugc goi la chudi doi xiing (palindrome) khi viét tir trdi qua
phai va viét tir phai qua trai thi chubi khéng thay déi. Mét vi du la chudi
madam.
(a) Thiét ké thudt todn dé kiém tra xem mét chudi ky tu cd phdi la chudi
doi xung hay khéng o
(b) Bdnh gid thoi gian chay cua thudt todan ban thiét ké (38) viay
Bai tap 14
Cho f : A — B la mgt ham vdi cdc tap A, B la cdc tap con hitu han cua Z.
Hay thiét ké moét thuat toan dé kiém tra xem
(a) liéu f co la don anh khéng;
(b) liéu f co la toan anh khéng.
Trong méi truong hop, hdy danh gid thdi gian chay cua thudt todn ban thiét
ké c2



Thuéat toan

Mot s6 thuat toan tim kiém

A Bai toan tim kiém

Cho mét day n phan t& ay, as, . . ., a, va mét phan t& z. Tim «
trong day da cho hoac két luan rang x khéng cé trong day

m Tim kiém tuyén tinh (Linear Search)
m Tim kiém nhi phan (Binary Search)

62

Thuéat toan |

Hoang Anh Buc

Quy téc viét gia ma
Vidu

Bat bién vong 1&p
Vidu

Do tang cla cac ham

DBinh nghia va khai niém
D6 phurc tap tinh todn theo
thai gian

Vidu

MGt sé thuat toan tim kiém
Mbt sb thuat toan sap xép



Thuat toan

Tim kiém tuyén tinh

Thuéat toan |

Hoang Anh Buc

m Bai toan:
m Input: ay, ..., a,: day s6 nguyén, z: s nguyén
m Output: Chi s6 i thda man = = a; hodc 0 néu z khéng c6
trong day

= Tim kiém tuyén tinh: Lan Iugt xét cac phan tlf trong day
cho dén khi tim duoc = hodc khdng con phan t&f nao dé xét
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Thuat toan

Tim kiém tuyén tinh

Thuéat toan |

Hoang Anh Buc

Vi du 8 (Tim kiém tuyén tinh) g
H InPUt: Déy ay = 2,&2 — 5,&3 — 6,&4 — 8,&5 =12vax =8 vidy

m Output: Chi s6 i thda man z = a; hodc 0 néu z khéng ¢ in
- Bat bien vong lap
trong day Vidy

Do tang cla cac ham
ai a- as ay as Pinh nghia va khai niém
D6 phurc tap tinh todn theo

2 5 6 8 1 2 thoi gian

Vidu

@ MGt sé thuat toan tim kiém
¢ £ ¢ €L ¢ £z — X M6t s6 thuat toan sap xép
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Thuat toan

Tim kiém tuyén tinh

2

3

4

5

6

7

8

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

Input: a4, . .., a,: ddy sO nguyén, z: s6 nguyén

Output: Chi s6 i thda man x = a; hodc 0 néu z khéng cé
trong day

1 =1 // Bat dau ti diu day

whilei <n vax # a; do // Chua xong va chua tim thiy

t i:=4i+1 // Di tdi vi tri tiép theo trong diy
if : < n then

t location := 1 // Tim thiy x trong diy
else

t location := 0 // Khéng tim thiy x trong diy

return /ocation

Thuéat toan |

Hoang Anh Buc
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Thuat toan

Tim kiém tuyén tinh

Thuéat toan |

Mot bat bien vong 1ap trong Thuat todn 3 (vong while & Dong 2-3)
tim kiém tuyén tinh s6 nguyén z trong day aq, ..., a,

Hoang Anh Buc

L := O trude lan Iap vdi biéni, x ¢ {a1,...,a;_1}

m Khoidong (i =1): Doi—1=0,tap {a1,...,a;,_1} latap
rong, va do dé « ¢ {a1,...,a;_1}, nghia la L ding

m Duy tri: Gid s L diing & truéc 1an 1&p véi i = k ndo dé, nghia
Az ¢{a,...,a,_1}. Tachléng minh L ding & trude 1an 1ap
VOii =k + 1 nghla la x ¢ {al, ey Ok ) That vay, dé thuc hién
lan 13p i = k, diéu kién & vong whlle can dugc thda man,
nghia 1a k < n va z # a;. Két hap véi gia thiét, ta co diéu can
chirng minh

m Dirng: Vong 13p while két thic khii = n + 1 hodc x = a; v&i (%) verss nuaoan imier
1 <4 < n. Véi trudng hop dau tién, bat bién vong 1&p L cho ta
x ¢ {ai,..., a,} va do do két luan khéng tim dugc z. V6i
trudng hop thd hai, z hién nhién thudc day da cho
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Thuat toan

Tim kiém nhj phan

Thuéat toan |

Hoang Anh Buc

m Bai toan:

m Input: a1, .. ., a,: ddy SO nguyén thuc su tang, x: s0 nguyén
m Output: Chi so i thoa man z = a; hoac 0 néu = khéng co
trong day

m Tim kieém nhi phan: (M6t vi du vé ky thuat chia dé tri

(divide and conquer) trong thiét ké thuat toan)

(1) Tinhm = | (1 +n)/2]. Phan t& & gitra cla day 1a a.n

(2) Chiaday ai,...,a, thanh hai day con (a) a1, ..., an va (b)
Qmi1, .- - an. NéU 2 > a.m, thi ta chi tim z trong day con (b),
con ngugc lai thi ta chi tim = trong day con (a) iém va Sép xé

(3) Lam tuwong tu cho dén khi khéng gian tim kiém chi con mét (14) o et nim i
phan t0 a;. Néu z = a; thi trd lai vi tri ¢ cla z, con nguac lai
thi tra lai 0

62



Thuat toan

Tim kiém nhj phan

Thuat toan 2: Tim kiém tuyén tinh (Linear Search) Thuat toan |

~ A N A A Hoang Anh Burc
Input: a4, ...,a,: day s6 nguyén, x: sO nguyén

Output: Chi sb6 i théda man z = a; hoic 0 néu z
khong cé trong day

17:=1 t1
2 while : < n va x # a; do ,
3 | i=i+1 L ?
4 if  <n then
5 | location :=1 t

u Ly
6 else
7 | location:= 0 ts
8 return location t4

T(n) — tl —|— t2 —|— t3 —|— t4 T(n) Ié_ O(n) T(n) Ié_ 0(1) @ MGt sé thuat toan tim kiém
t1,tq, t, tg, t7 12 O(1)

(xau nhat) (tbt nhét)
b= Y [tg + (tg.kKiémtrai < nvaz # a;)

{ili<nAz+#a;}

ts = max{ts, 7} + (thoi gian kiém tra i < n) ez



Thuat toan

Tim kiém nhj phan

Vi du 9 (Tim kiém nhi phan)

Hoang Anh Buc
m Input: Day a1 = 2,a0 =5,a3 =6,a4 = 8,a5 = 12vax = 8
m Output: Chi sb i thda man z = a; hodc 0 néu = khdng cé
trong day Quy the vidt g ma
ay, az az a4 Qs o

2 5! 6 8 12

Bat bién vong lap

1 m J Vi dy
<X o
b6 tang cua cac ham
DBinh nghia va khai niém
ai a9 as ay as Do phtc tap tinh toan theo
thai gian
2 5 6 8 12 Vidy
=1 ] @ MGt sé thuat toan tim kiém
_ Mbt sb thuat toan sap xé
= : 2 p xep

= 62



Thuat toan

Tim kiém nhj phan

1
2
3
4
5
6

9

10

11
12

13

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

Input: a;, ..., a,: ddy s nguyén thuc su tang, x: sO nguyén
Output: Chi so i thda man = = a; hoac 0 néu = khdng cé trong day
i:=1 // Chi sb6 bat diu khodng tim kiém
ji=n // Chi sb két thiuc khodng tim kiém
while i < j do // Khi khodng tim kiém c6é6 > 1 phin tt
m = [(t+7)/2] // Chi sb clia phan ti & giilta
if + > a,, then
L 1 =m+1
else
L Ji=m
if t = a; then
t location := 1
else
| location := 0

return /ocation

Thuéat toan |

Hoang Anh Buc
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Thuat toan

Tim kiém nhi phan

Thuéat toan |

Mot béat bién vong lap trong Thuét toan 4 (vong while & Dong 3-8) tim

Hoang Anh Buc

kiém nhi phan sb nguyén z trong day thuc su tdng as, . .. , a,
L := O trude méi l&n I3p vdi cde bién i, j, néu x € {aq,...,a,} thi
T < {CLZ', Qigly--- ,aj}

m Kh&i dong (i = 1, j = n): L hién nhién dung

m Duy tri: Gid s 6 trudc 1an 13p véi céc bién &, ¢, néu
r € {ai,...,an} thi z € {ag, aryi1,...,as}. Ta chitng minh rang &
trude 1an 13p ké tiép vai cac bién (a) k, | (k + ¢) /2] hodc (b)
[(k+£0)/2] +1,¢,néu z € {a1,...,a,} thi tuong &ng (a)
T < {ak, e aaL(kz—i—E)/ZJ} hOé.C (b’) T < {aL(k:—l—E)/Zj—l—la e ,ag}. VOi
(a), diéu kién 6 Dong 7 can dugc thda man, nghia la
r < Q| (k+0)/2]- Do do, néu T < {ak, A1, - - ag} thl dung Vai @ Mot 56 thust todn tim Kiém
(b), diéu kién 6 Dong 5 can dugc thda man, nghia la
T > Q|(k+e)/2]- Do do, néu T < {ak, Qg1 - - CLg} thl dung

m Dirng: Vong 1ap while ding khi i = j, va ti L, ta cé néu
r € {ay,...,a,} thiz € {a;}. Do dé Thuét todn 4 tra lai vi tri chinh
xac cla z hodc két luan khong tim dugc « (Dong 9-13)
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i

Do phuc tap tinh toan =

Tim kiém nhj phan

-
'[
o4 HOC TY NHIEN

Thuéat toan |

Thuat toan 3: Tim kiém nhi phan (Binary Search) Hoang Anh Biic

Input: a4, ..., a,: diy sd nguyén thuc su ting, z: sb
nguyén
Output: Chi sb6 i thda min x = a; hodc 0 néu z
khong cé trong day

Quy téc viét gia ma

Vidu
17:=1 ;
. 1
27 :=n
J . ; ; Bat bién vong lap
3 while 7 < 7 do Vi dy
L ; ) i
o | mi=[(i+)/2] i
5 if T > A then Do tang clia cac ham
] o Pinh nghia va khai niém
6 L']/ =m + 1 . Do phtrc tap tinh toan theo
tléj thai gian
7 | else Vi du
8 L J:i=m
- @ MGt sé thuat toan tim kiém
9 if £ = q; then Mot 6 thuat todn sip xép
10 | location : =1
11 else
12 | location := ()
13 return Jocation ty
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Do phuc tap tinh toan

Tim kiém nhj phan

Thuéat toan |

T(’I’L) =11+ 0o+ 13+ 14 Hoang Anh Bic
t1,ta,to? tr, ... tip 1A O(1)
ty = > [@'gﬂ' )+

lan 1ap while véi cap 4, j
+ (thoi gian kiém tra i < j)]
tt) = max{tr,tg}
+ (thoi gian kiém tra z > a,,)
t3 = maX{tg, th}

+ (thoi gian kiém tra = = a;)
# cap i, j trong vong while la O(logn)
T(n)laO(logn)| |T(n)la O(logn)

(xau nhat) (tbt nhat)
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Do phuc tap tinh toan

Tim kiém nhj phan

Thuéat toan |

Tai sao # cap i, j trong vong lap while la O(logn)?

m Danh sb cac lan I3p while lan lugt bang 0,1, 2, ..., h. Mdi
hang 0,1,2,...,hliét ké cac khoang i ... j co kha nang
xuat hién & lan 13p danh so6 tuong Ung = #cdpi,j < h + 1

m Vong 1ap while ding 6 lan 1ap & khi moi khoang i . .. j chi
c6 mot phan tl i = j

m O mbihang k € {1,...,h}, tdng sb phan t& clia tat ca céc
khoang la n, va cd < 2% khoang

m Do d9, h 1a s6 nguyén nhé nhat théa mann < 2". Suy ra
h = [logn| = O(logn)

Hoang Anh Buc

0 1...n < 20
/ \ Mot sb thuat toan tim kiém
1 1...[(14+n)/2] ((14+n)/2]+1...n < 2!
/\ /\

h|1||2| ........................................... In_]llnl §2h
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Thuat toan

Mét sb thuat todn sap xép

-+ Bai toan sap xép

Cho mét day n phan t& va mot cach so sanh hai phan tir bat
Ky trong day. Hay sap xép day theo thu tu tang dan

m S3p xép ndi bot (Bubble Sort)
m Sap xép cheén (Insertion Sort)

62

Thuéat toan |

Hoang Anh Buc

Quy téc viét gia ma
Vidu

Bat bién vong lap
Vidu

Do tang cla cac ham

DBinh nghia va khai niém
D6 phurc tap tinh todn theo
thai gian

Vidu

Mot s6 thuat toan tim kiém

Mét sb thuat toan sép xép



Thuat toan

Sap xép ndi bot

Thuéat toan |

Hoang Anh Buc

m Bai toan:
m Input: a1, as, ..., a,: day sé thuc (n > 2)
m Output: Day da cho dugc sap xép theo thi tv tdng dan
m Sap xép noi bot:
(1) So sanh céc phan t lién tiép, bat dau vdi cap (a1, a2)
(2) Néu a; > a2, hoan ddi gia tri cla ching
(3) Lap lai (1) va (2) v4i cac cap (az, as), (as,as), ...,
(a@n—1,an). LUC NAY, a, 1& phan t& IGn nhat trong day
(4) Laplai (1) —(3) véiday a1, ...,a,—1, va sau do vdi day
Al,...,0n—2, dé.y A1y ..y Ap—3, ..., cho dén dé.y ai, a2 Mbt sb thuat toan sip xép
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Thuat toan

Sap xép noi bot

Thuéat toan |
Hoang Anh Buc
Vidu 10
N Input: Dé.y Cll — 34, a/2 — ]-3, a/3 — 2]-5 a/4 — 35 a’5 — 89 Quy tac viét gia ma
Vidu

m Output: Day sap xep theo thi tv tdng dan

Bat bién vong lap

ai an as a4 as vidy

34 ]. 3 2 ]. 3 89 Do tang cla cac ham
7: — 1 13 2 1 3 34 89 DBinh nghia va khai niém

D6 phurc tap tinh todn theo
thai gian

i=2 13 3 21 34
. 1 3 2 1 Mbt sb thuat toan tim kiém

1 3 @ Mét s6 thuat toan sap xép

13 21 34 &9

~
I
N
Lo W W
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Thuat toan

Sap xép ndi bot

1
2
3

4

Thuéat toan |

Hoang Anh Buc

Thuat toan 5: Sap xép ndi bot (Bubble Sort)

Input: a1, as, . .., a,: day so thuc (n > 2) ‘
Output: Day da cho duoc sap xép theo thu tu tang dan
for:.=1ton—1do // L3ap lai n—1 1lan

forj.=1ton—:do
if a; > Gj41 then
Hoan d6| glé. tri cua a; va aj41

// Qn_ii1,...,a, d& dudc sap xép

Mot s6 thuat toan sap xép

// ai,...,a, da dudc sap xép
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Thuat toan

Sap xép ndi bot

Thuéat toan |

Thuat toan 5 cé hai vong lap for: vong lap trong ¢ Dong 2—4 va Hoaing Anh BUc
vong lap ngoai (chira vong |ap trong) ¢ Dong 1-4

m Mot bat bién vong Ip cho vong 13p ngoai 1a

o truoc lan 13p i, day an—it+1,---,ay, la day tang chua cac

phan tur Ion hon hoac bang moi phan t trong a1, . . ., ay—;
m Mot bat bién vong Iap cho vong 13p trong 12

O trudc lan lap j, a; = max{ai,...,a;}
So do chirng minh:
m Ching minh budc Khdi dong cho bat bién vong 13p ngoai
m O budc Duy tri cho vong 1&p ngoai
m Ching minh b4t bién vong 13p trong (Kh@i dong, Duy tri,  (5) verss nuaticin sipseo
Dung)

m SU dung bat bién vong 1ap trong dé chirng minh cho vong
lap ngoai

m Ch{ng minh budc Dirng cho bét bién vong I&p ngoai
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Thuat toan
Sap xép ndi bot

Thuat toan 4: Sip xép ndi bot (Bubble Sort) Thugt toan |
~ A Hoang Anh Buc
Input: ay,as,...,a,: diy so thuc (n > 2) k
Output: D3y di cho dugc sip xép theo thé tu ting
dan

1fori:=1ton—1do

2 | forj:=1ton—1:do

3 if aj > Qj41 then — [ b
L LHoén déi gid tri cta a; va a1 l4

n—1
T(n) =t = Z [t% + (t.g.tAng i va kiémtrai < n — 1)]

Z[ tgtang]vaklemtrag<n—z)w
- T(n) 1a O(n?)

(xu nhat)

T(n) la O(n?)

(tbt nhét) 62

Mot s6 thuat toan sap xép

ty 12 O(1) (v:=aj, a; == ajq1, Qj41 = V)

t) = t, + (thdi gian kiém tra a; > a; 1)




Thuat toan

Sap xép chén

m Bai toan:
m Input: a1, as, ..., a,: day sO thuc (n > 2) ‘
m Output: Day da cho duoc sap xép theo thu tu tang dan

m Sap xép chen:

(1) Xét az. Tim vi tri trong day 1 phan t& a; d€ chén as bang
cach duyét toan bd cac phan tl trong day ti phai sang trai
va day moi phan ti 16n hon a2 sang phai mét budc. Chén as
vao ngay sau phan t( dau tién nho han hoac bang as khi
duyét day & trén. Dén day day a1, a> da dugc sap xép theo
dung thu tu

(2) Xét as. Tim vi tri trong day 2 phan t& a1, a2 d€ chén as bang
cach duyét toan bd cac phan tl trong day ti phai sang trai

va day moi phan t& I6n hon as sang phai mét budc. Chén as ()

vao ngay sau phan t( dau tién nhd han hoac bang as khi
duyét day 6 trén. Pén day day a1, as, as da duoc sap xéep
theo dung thu tu

(3) Tiép tuc V6i au, as, . .., an. Cudi cung ta thu dugc day
ai,...,a, da dugc sap xép theo ding th( tu
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Thuéat toan |

Hoang Anh Buc

Mot s6 thuat toan sap xép



Thuéat toan

Sap xép chén

Thuéat toan |

Hoang Anh Burc

H Input: Déy aq :34, CL2:13, a3:21,a4:3, a5:89 i
m Output: D3y sap xép theo thi ty ting dan o g

r 42 4z 44 45

34 13 21 3 89
— 13 34 21 3 89 SR
i=3 13 21 34 3 89
i = 313 21 34 89 -
1= 15 3 13 21 34 R0 @ MGt s6 thuat todn tim kiém

Mét sb thuat toan sép xép
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Thuat toan

Sap xép chén

Thuat toan 6: Sap xép chén (Insertion Sort)

Input: a;,az, ..., a,: ddy so thuc (n > 2) \
Output: Day da cho duoc sap xép theo thu tu tang dan
fori=2tondo

m:=a; // m sap dudc chén vao diay aq,...,a;_1

ji=i—1

while j > 1 vam < a; do // Néu m < a;, 43y a;
sang phdi dé c6 chd chén m

aj+1 -= Qj
Jgi=3-1

aji1:=m // Chén m

// D&y ai,...,a; 45 dudc sip thit tu
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Thuéat toan |

Hoang Anh Buc

Mot s6 thuat toan sap xép



Thuat toan

Sap xép chén

Thuét toan 6 c6 hai vong lap: vong lap trong while & Dong 46
va vong lap ngoai for (chira vong lap trong) ¢ Dong 1-7

m Mot bat bién vong 13p cho vong I&p ngoai 1a
O trudc lan 13p i, day ay, . .., a;_1 1a ddy tdng
m Mot bat bién vong Iap cho vong 13p trong 12
O trude 14n lap j, m < min{ajy1,...,a;}

62

Thuéat toan |

Hoang Anh Buc

Mot s6 thuat toan sap xép



Thuat toan

Sap xép chén

Thuat toan 5: Sip xép chén (Insertion Sort) Thuat toan |
Input: ai,as, ..., a,: diy sd thuc (n > 2) rloang Anh Btte
Output: D3y d3 cho duoc sip xép theo thi tu ting
dan
1 for i =2 tondo ,
2 m = a; Z2
3| 7g:=1—1 i
4 WhilGjZlVE\)m<CLj do 11
5 Ajt+1 = Gy — ti
6 J:=7—1
7 Ajy1 =M t%
mn
T(n)=t1 =) [(th+th+t;+1t})+ (tg.tdng i va kiém trdi <n)]
=2 @ Mét s6 thuat toan sap xép
o T(n) 12 O(n?)
] |~
5, ts,te, tg” la O(1) - -
. . (xau nhat)
TR SR \
1<j<i—1vam< a, T(n)la O(n)

+ (t.g. kiémtraj > 1vam < a;)] (t6tnhdt)
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