C Programming
Basic — week 13



Noi dung

e Cac giadi thuat so khdp chuoi
- Giai thuat ngay tho
— Giai thuat Knuth-Morris-Pratt
— Giai thuat Boyer-Moore

e Bai tap
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Bai todn so khdp chuoi

e CO P la chudi co kich thudc m
— Chudi con PJ[i .. j] cia P bao gdm cac ki tu tir vi tri i téi
vi tri j
— Tién t6 cua P 1a chudi con cé dang P[0 .. i]
— HAu t6 clia P 1a chudi con c6 dang P[i ..m — 1]

e Cho cac chu0| T (text) va P (pattern), bai toan so

khép chudi yéu cau tim chuoi con clia T b&ng Vvdi
P

e Cac Ung dung:
— Soan thao van ban, may tim ki€m, nghién cdu sinh hoc



Brute Force Matching

e Giai thuat brute-force matching so sanh P vGi T
vOi moi kha nang cua T cho tdi khi
— tim thdy mot chudi con hodc
— da thu tat ca cac kha nang
e DO phuc tap: O(nm)
e Truong hgp té nhat:
- T = aaa ... ah
— P = aaah
— ¢6 thé gdp trong &nh hodc chudi DNA
— it gap trong van ban tiéng Anh



Giai thuat

Algorithm BruteForceMatch(T, P)

// Input text T of size n and pattern P of size m

// Output starting index of a substring of T equal to P or
-1

1f no such substring exists
for 1 « 0 ton — m {
test shift 1 of the pattern
}
J <« 0
while 3 < m A T[i + 3] = P[7]
J 373 *+ 1
if J =m
return 1 {match at 1}
else
break while loop {mismatch}
return -1 {no match anywhere}



Exercise 13.1

e Tao ra mot chudi chra 2000 ki tu ngau
nhién nam trong mot tap ki tu

e \/D:
— tap ki tu: abcdef
— chuoi: abcadacaeeeffaadbfacddedcedfbeccae...

e Viét chuang trinh tim mau, vd “aadbf”, tu
chuoi.

e Chu y: su dung giai thuat so khGp don
gian



Giai thuat Boyer-Moore

e Giai thuat Boyer-Moore bao gom hai budc

e Looking-glass: So sdnh P v3i mot chuoi
concua T

e Quay trd lai
e Character-jump: Néu khong khop tai vi tri
T[i] = c
- If P ch(ra c, dich P d& giéng hang vi tri cudi
cung cua c trong P vaoi T[i]
- Else, dich P dé giéng hang P[0] vé&i T[i + 1]
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Ham last-occurrence

Giai thuat Boyer-Moore tién xu ly mau P va tu
vung = dé xay dung ham last-occurrence L tham
chi€u X tdi cac s6 nguyén, vdi L(c) dugc dinh
nghia nhu sau

— chi sO i I6n nhat sao cho P[i] = ¢ hoac
— —1 néu khong ton tai chi s6 nhu vay

VD'
- 2=4ab,¢d; C a b C d
- P = abacab

L o L4 S x3 | . —1
Ham last-occurrence géctiﬁ.e dugc bieu dién béi
mot mang danh chi s6 bdi ma so hoc cua cac ki

tu

P06 phuc taF O(m + s), trong d6 m la kich thuGc
clia P va s la kich thudc cua 3



Giai thuat Boyer Moore

Algorithm BoyerMooreMatch(T, P, 2)
L < lastOccurenceFunction(P, 2’)
i<—m— 1
je—m—1
repeat
if T[i] = P[j]

ifj=0
return i { match at i}
else
i<—i—1
Je—j—1
else
{ character-jump }
[ — L[T[i]]
[«— i +m—min(, 1 +1)
je—m—1
until i>n — 1
return —1 { no match |

Case 1: j<1+1

|
bla |
jii |
lm — jl
<>
. bla
[ . !
J '
Case 2: 1 +1<j
B Tal.
i
|
al .| .| b]. |
/ j |
lm—(1+1) |
T ]
al.|.|b].
«
I +1°
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Exercise 13.2

e Tao ra chudi c6 2000 ki ty dudc tao ngau
nhién tu mot tap cac ki tu

e \/D vai tap ki tu: abcdef

e Chuoi:
abcadacaeeeffaadbfacddedcedfbeccae...

e Viét chuong trinh tim mét mau, vd
“aadbf”, trong chudi.

e Chu y: SU dung giai thuat Boyer-Moore
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Giai thuat KMP

e Gigi thuat Knuth-Morris-Pratt so sanh
mau vdi chudi tu trai- -qua- phai,
nhung dich chuyén mau théng minh
hon brute-force matching.

o Khi xuat hién khong khdp, co thé
dich mau toi da bao nhiéu dé tranh
cac so sanh trung lap?

e Tra I0i: tién to dai nhat P[0..j] ma la
hau to cua P[1..j]

12



ﬂbﬂﬂbxx

ﬂbﬂﬂb[ﬂ

| Jj
l

ﬂb]ﬂﬂba

«—»l

No need tDI l \ Resume

repeat these comparing
comparisons here




Ham 16i KMP

o Thuat toan Knuth- Morris-Pratt tlen XU Iy
mau dé tim so khdp cla tién té clia mau

v3i chinh no

e Ham [6i F(j) dudc dinh nghia la kich thudc
cua tién to dai nhat P[0..j] dong thdai la
hau to cua P[1..j]

e Thuat toan Knuth-Morris-Pratt cai thién
brute-force matching sao cho néu mot
khong khdp xuat hién tai P[j] # T[i] ta
thiét lap
jeF(G—-1)
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Algorithm failureFunction(P)
F[O] « O
| « 1
je 0
while i < m
if P[i] = P[j]
{we have matched j + 1 chars}
Fli] «j+ 1
< i+ 1
Jej+ 1
else if j > 0 then
{use failure function to shift P}
Je F[j—1]
else
F[i] « O { no match }
[« i+ 1
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Exercise 13.3

e Thu'c hién Exercise 13.2 vdi giai
thuat KMP

e Tinh sO phép so sanh
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Giai thuat KMP

e Ham 101 KMP co thé dudgc biéu dién bgi mot
mang va co do phuc tap O(m)

e Tai moi budc lap
—tangilén 1, hoac

- buGc dich chuyen i — j tang lén it nhat 1 (quan
sat thay FG—1) <j)

o Vi vay, co toi da 2n budc lap

e Vi vay, thuat toan KMP thutc thi trong thai
gian toi uu O(m + n)
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Algorithm KMPMatch(T, P)
F « failureFunction(P)

1<—0
j<0
while 1 <n
if T[1] = P[j]
if j=m—1
return 1—j { match }
else
1<—1+1
j(—j-l—l
else
if j>0
j—F—1]
else
1<—1+1

return —1 { no match }
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