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 Ham
* D0 tang cua ham
* Thuat toan

* D0 phirc tap cua thuat toan
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Lewav NEFY

* Dung dé dinh nghia cac cau truc ro1 rac nhu day, xau
* Dung dé biéu dién thoi gian mot may tinh phai mat dé

gia1 mot bai toan
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Lewav &

Pinh nghia 1:

Cho A va B 14 hai tap hop. Mot ham f tir A dén B 1a sy gan chinh
x4ac mot phan tir ciia B cho moi phan tir cia A. Ta viet f(a) = b
néu b 1a phan tir duy nhat cia B duogc gan boi ham f cho phan tir a
cia A. Néu f 1a ham tir A dén B ta viét: f: 4 — B.

A f:A—>B B
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Dinh nghia 2:

Néu f 1a mot ham tir A dén B.

* A duoc goi 1a mién xac dinh cta f va B 12 mién gia trj cua f.

« Néu f(a) = b, b goi la anh cua a va a 12 mét nghich anh cua b.
» Téap anh xa qua ham f 14 tip cac anh cta cac phan tir thudc A

« fanhxa A dénB

Vidu: ChoA={1, 2,3}, B={a,b,c}
« Hamf duoc dinhnghia: 1 - ¢,2 - a,3 > ¢
e 1->c¢,claanhcual
e 2 - a,2langhich dnh cia a
o Mién xdc dinh cua f {1, 2, 3}, mién gid tri cua f {a, b, c}
» Tap anh xa f {a, c}

Todn roi rac
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LEHAM-HAMDONANH g

Dinh nghia 5:

Mot ham f duoc goi 1a don dnh hay anh xa mot-mot néu va chi
neu f(x) = f(y) kéo theo x =y v6i moi X va y trong mién xac
dinh cua f.

Khong don anh Don anh

Toan roirac  huyenvt@tlu.edu.vn 9




1.8 HAM - HAM BDO'N ANH T KRR
Cac ham sau c6 12 ham don anh khong?

Vidu 1:
« ChoA={1,2,3}vaB={a,Db,c}, hamfduoc cho nhu sau:
* 1>c¢,2->a,3->c

Vidu 2:
e Chog:Z-Z,voig(x)=2x-1

Vi du 3:
« Ham f(x) = x2, x thudc tip cac s6 nguyén, mién gia tri cia f
cling la tap cac so nguyeén.
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1.8 HAM - HAM TOAN ANH

Dinh nghia 7:

Mot ham f tir A dén B dugc goi 1a toan anh néu va chi néu véi moi
phan tir b € B tOn tai mot phan tr a € A, voi f(a) = b.

a ®
b ® o |
c ® o

de——eepp @ 3
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1.8 HAM - HAM TOAN ANH

Dinh nghia 8:

Moét ham f 1a mét song &nh néu né vira 1a don dnh vira 13 toan anh.

ae el
be L
ce o3
de o4

(1)?

el

ae
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Todn roi rac
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1.8 HAM - DO THI CUA HAM
Dinh nghia 11:

Cho f 13 ham tir tip A dén tap B. Pé thi ciia ham f 13 tap cac cap sap
thir tu {(a,b)| a € Ava f(a) = b}.

o o J c e O 0o © 8(-3.9) (3.9
O O . o o

o Q ® QO Qo o o

o o0 0 0 0 s

O O e O O O o o© *(=24) 24)e

— o O

[T '] Q Q o 0 —1.he eil. )

o o [ o 0O o o o© ‘EDJJJ
fx)=2x+1 f(x) = x?

Mot s6 ham quan trong:
e Ham san
 Ham tran
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1.8 HAM - HAM TOAN ANH
Dinh nghia 12:

Ham san gan cho sb thuc X s6 nguyén 16n nhat c6 gia tri nhé hon
hoac béng X. 14 tr1 cua ham san duoc ki hiéu | x|. Ham tran gan
cho s6 thuc X s6 nguyén nho nhat c6 gia tri 1on hon hoic bang x. Gia
tri ctia ham tran duoc ki hiéu 1a [ x].

Vi du:
e [2,1]=7
.« [2,1]=7
e [-21]=7
e [-21]=7
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BAI TAP

= Bai 1: Hay xac dinh xem ham f: Z X Z — Z c0 toan anh khéng?
a) f(mn) =2m—n b) f(m,n) = |m| — |n]

= Bai 2: Hay xac dinh xem ham f: R — R ¢0 song anh khéng?

(x+1)
(x+2)

a) f(x) =—3x+4 b) f(x) =
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2.2 PO TANG CUA HAM

Toan roirac  huyenvt@tlu.edu.vn 16




2.2 DO TANG CUA HAM

Panh gia thuit toan nhw thé nao?
* Thoi gian doi hoi dé giai mot bai toan phu thudc vao so phép

toan dugc s dung

« Ubc lu’ong th0’1 gian bang cach nhan thoi gian doi hoi véi
mot hang so.

e Sir dung khai niém big-O: danh gia s6 phép toan dugc dung
trong mot thuat toan khi dau vao cua no tang

Pinh nghia 1.

Cho ham f va g 1a hai ham tir tip cac so nguyén hoic so thuc dén
tap cac so thuc. Ta noi f(X) 1a O(g(x)) (doc 1a f(x) la big-O cua g(x)
neu ton tai hai hang s6 C va k sao cho:

f)] < Clgx)l,

vO1 moi x>k
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2.2 DO TANG CUA HAM

Vi du : Chimg minh ring f(x) = x2 +2x+1 12 O(x?)

4x st +2x+1 x2

K24 2x+ 1 <dxforx>1
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MOT SO KET QUA QUAN TRONG

Dinh li 1:

Cho f(x) =ax"+a, x"1+..+ax+a,,6daya, a,, ..., a,la
cac so thuc. Khi do f(x) la O(x").

« 1+2+ ...+nla0O(n?
« n!laO(n

* logn! la O(nlogn)
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2.2 DO TANG CUA TO HOP CAC HAM

Dinh li 2:

Cho f,(x) 12 O(g,(x)) va f,(x) 12 O(g,(x)). Khi do (f, + f,)(x) la
O(max(|g,(X)| , 9,(x)]))-

Hé qua 1:
Cho f,(x) va f,(x) déu 1a O(g(x)). Khi dé (f, + f,)(X) 1a O(g(x)).

Dinh li 3.

Cho f,(x) 1a O(g,(x)) va f,(x) la O(g,(x)). Khi do (f, f,)(X) la
O(9,(x) 9,(x)).
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2.2 DO TANG CUA TO HOP CAC HAM

Vi du 1 : Cho mot danh gia big-O doi véi ham:
f(n) = 3nlog(n!) + (n? + 3) logn

Vi du 2 : Cho mot danh gia big-O doi véi ham:
f(x) = (x+1)log(x? + 1) + 3x?
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BAI TAP

= Bai 3: Vi cac ham g(X) sau day x3 co la O(g(x)) khéng:
a) g(x) = x°

b) g(x) =x°
C) g(x) = x> + X3
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KHAI NIEM BIG-OMEGA VA BIG-THETA

Dinh nghia 2:

Cho fva g 1a hai ham tir tip cac s6 nguyén hoic tip cac so thuc
dén tap cac so thue. Noi rang f(x) 1a Q(g(x)) néu va chi néu ton tai
cac hang s6 C va k, sao cho:

If(X)| = Clg(x)| voi moi x > k

Vidu: Hamf(x) =8x3+5x2+ 7 la Q(g(x)), vdi g(x) = x8.

Toan roirac  huyenvt@tlu.edu.vn 23




KHAI NIEM BIG-OMEGA VA BIG-THETA

Dinh nghia 3:

Cho fva g 1a hai ham tir tip cac s6 nguyén hoic tap cac so thuc
dén tap cac so thuc. Noi rang f(x) 1a @(g(x)) néu va chi néu f(x) 1a
O(g(x)) va f(x) 1a Q(g(x)). Khi f(x) 1a ®(g(x)) ta néi rang f(x) 1a
big-Theta ctuia g(x) va f(x) ciung bdc vai g(x).

Dinh li 4.

Cho f(x) =aX"+a, X" + ..+ a;x + a,, trong d6 ay, &, ..., &, la
cac sO thuc voi a, # 0. Khi dé f(x) cung bac véi x".
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BAI TAP

= Bai 4: Chtimg minh rang:
a) 3x + 7 la ®(x)
b) 2x2 + x — 7 la ®(x?)
¢) log,,(x) 1a ©(log, (x))
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2.3 THUAT TOAN
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2.1 THUAT TOAN

Dinh nghia 1:

Thudt todn 13 tip hop hitu han cac 1énh chinh xac dé thuc hién tinh
toan hoac giai mot bai toan.

Tinh chat ciia thuit toan

« Pau vao

* Paura

e Tinh xac dinh
* Tinh dung dan
e Tinh httu han
* Tinh hiéu qua
* Tinh tong quat
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2.1 THUAT TOAN

Mo ta thuat toan

* Dung ngdn ngit tu nhién
* Dung gia ma
« Sir dung luu do

* Su dung ngon nglr 1ap trinh

Vidu :

THUAT TOAN : Tim phan tir I6n nhat trong diy hiru han

Procedure max(ay, a,, ... ,: sO nguyén)
max := a,
fori:=2ton
If max < a; then max := a;
{ max 1a phan tir 16n nhat}
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2.1 CAC THUAT TOAN TiM KIEM

» Tim kiém 12 bai toan xac dinh vi tri cia mot phan tir trong bang
ligt ké

* Tong quat: xac dinh vi tri X trong day a,, a,, as, ... a,

e 2 loai thuét toan tim kiém:
* Tim kiém tuyén tinh

 Tim kiém nhi phan
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2.1 CAC THUAT TOAN TiM KIEM

Tim kiém tuyén tinh
* S0 sanh x véi a,, néu x = a, thi vi tri tim duoc 1a 1

« Khix #a, sosanh x vdi a,

THUAT TOAN : Thuit toan tim kiém tuyén tinh

Procedure linear search (x: nguyén, a,, a,, ... &,: cac s6 nguyén phan biét)
1:=1
while (i <nva x # a;)
I:=1+1
iIf i < n then location :=i
else location := 0
{ location 1a chi so cta s6 hang bang X hodc 14 0 néu khong tim duoc X}
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2.1 CAC THUAT TOAN TiM KIEM

Tim Kkiém nhi phén
e Sir dung cho day di sap xép ting dan
« So sanh phan ttr X v6i s6 hang ¢ gitra cta ddy, néu bang
thi tra vé vi tri can tim
« Néu x nho hon tim bén trai day

e Néu x 16n hon tim bén phai day

Vidu: . Timkiém gia trj 15 trong day:

135689101524 3940
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2.1 CAC THUAT TOAN TiM KIEM

THUAT TOAN : Thuit toan tim kiém nhij phan

Procedure binary search (x: nguyén, a;, ,, ... &,: cac so nguyén tang dan)
i := 1 {i 1a diém mut trai ciia khoang tim klem}
j := n {j 1a diém mat phai cta khoang tim kiém}
while i < j
begin
= (i + )/2]

ifx >a,theni:=m+1

else j:=m
end
If x = a then location :=i
else location :=0
{ location 1a chi s6 cua s6 hang bang x hoic 1a 0 néu khong tim duoc X}
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2.1 CAC THUAT TOAN SAP XEP

Sap xép kie€u noi bot

e So sanh lién tiép cac phan tir ké nhau

« Doi chd cho nhau néu chiing chua cé thit tu ding

Vidu: . sipxépdanhsich3,2,4,1,5.

Vonglap 1 -3 2 2 2 Vonglap2 .2 2 2
) ( 3 3 3 (3 C 3 1
4 4 - 4 ] ] 1 3
| l | 4 4 4 4
3 5 5 N5 3 5 3
Vong lip 3 ¢ % é Vong lap 4 (é C . Pbichd
3 < 3 3
4 1 4 (- Cap da dung thir tu
5 5 5 ' :
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2.1 CAC THUAT TOAN SAP XEP

THUAT TOAN : Thuit toan siap xép noi bot

Procedure bubble sort (a;, a,, ... a,)
foriz=1ton-1
for j:=1to n-i
If & > a;,, then d6i chd a va ay,
{a,, a,, .. a da dll’O’C sap xép}
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2.1 CAC THUAT TOAN SAP XEP

Sap xép kie€u chén

e Bit dau vai phan tir thi 2
e So sanh phan tir thtr 2 véi phan tir thit nhat:
e Chén vao trudc phan tir thir nhat néu nhd hon hoic bang
« Chén vao sau phan tir thit nhat néu 16n hon
e So sanh phan ttr thtt 3 voi phan tir thir nhat va so sanh tiép véi

phan tir thir 2.

Vidu:

« Sap xép danh sach 3, 2, 4, 1, 5.
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2.1 CAC THUAT TOAN SAP XEP

THUAT TOAN : Thuit toan sap xép kiéu chén

forj:=2ton
begin
1:=1
while a; <a
| —|+1
m:=a
fork:==0to j—1-1
Ay 1= Ay
a :=m
end {a,, a,, ..., a, dd duogc sap xép}

Procedure insertion sort (a,, a,, ... &,. Cac so thuc véin > 2)
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BAI TAP

= Bai 2: Sép Xép danh sach 6, 2, 3, 1, 5, 4 theo thr tu tang dan béng
phuong phap:
a) Sap xép kiéu noi bot
b) Sap xép kiéu chén
¢) Sap xép kiéu lua chon (tham khao trong sach)

d) Sap xép kiéu chén nhi phan (tham khao trong sach)
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2.4 PO PHUC TAP THUAT TOAN
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2.3 DO PHU'C TAP CUA THUAT TOAN

Hi¢u qua cua mot thuat toan:
* Thoi gian ma may tinh st dung dé giai bai toan

* Dung luong bo nhd doi hoi khi thuc hién thuat toan

Do phlrc tap thoi glan
« Biéu dién qua s6 cac phép toan dugc dung trong thuit toan

e Cac phép toan dé do:
* Phép so sanh

* Pheép coOng, trur, nhan, chia

Vidu: Do phic tap thoi gian cua thudt toan tim kiém phan tir 1on
nhat 1a ©(n)

Todn roi rac
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2.3 DO PHU'C TAP CUA THUAT TOAN

P§ phitc tap trong trweong hop xdu nhat:
« La truong hop phai dung toi da cac phép toan dé giai bai
toan theo thuat toan dang xét.

D0 phure tap trong truong hop trung binh:
« Tim s6 budc trung binh cac phép toan dugc dung dé giai
toan bd cac gia tri dau vao

« Phirc tap hon phan tich trong truong hop xau nhat
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2.3 DO PHU'C TAP CUA THUAT TOAN

Vidu 1: Xac dinh do phirc tap trong trudng hop xau nhat cua thuat

toan sip xép Kkiéu noi bot qua so cac phép so sanh

Vi du 2: Xac dinh do phuc tap trong trudng hop xau nhat cua thuat

toan sap xép kiéu chén qua s6 cac phép so sanh
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2.3 DO PHU'C TAP CUA THUAT TOAN

Cac thuat ngir thwong dung cho do phirc tap tinh toan

Do phure tap Thuat ngir

O(1) Do phic tap hang so
O(logn) D0 phtrc tap logarit
O(n) Do phirc tap tuyen tinh
O(nlogn) D0 phtrc tap nlogn
O(nb) Do phire tap da thirc
O(b") D0 phirc tap ham mii
O(n!) D0 phirc tap giai thira

Toan roirac  huyenvt@tlu.edu.vn 43




2.3 DO PHU'C TAP CUA THUAT TOAN

Cac thuat ngir thwong dung cho do phirc tap tinh toan

n logn n nlogn |n? 2" n!

10 3.10% 10-8s 3.108% |107s |10°s 3.103s
102 7.109 10's 7.107s |10°s [4.108 |*

nam

103 10-8s 10-%s 10°s [103s |* *

104 1.3*10% | 10-°s 10%s [101s |* *

10° 1.7*%10%s | 10-s 2*103s | 10s * *

106 2*108s 10-3s 2*10%s | 17 phat | * *

Todn roi rac
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