Bai 1. CAC TOAN TU XU’ LY BIT VA NG DUNG

1.1. SO nguyén va do dai bit

Ta biét rang mdi s6 nguyén dugc biéu dién bang mot day bit, do dai ctia ddy bit phu thudc vao
ki€u s6 nguyén dé.
¥  int8_t, uint8_t: 8 bit
# int16_t, uint16_t: 16 bit
# int32_t, uint32_t: 32 bit
# int64_t, uint64_t: 64 bit
C++ c6 nhirng tén chudn mo ta ki€u dir liéu s6 nguyén nhw int, long long, hay unsigned long
long. Tuy theo hé diéu hanh va chwong trinh dich, cac kiéu dir liéu chuin nay sé dwgc dnh xa
vao mot trong 8 ki€u s6 nguyén ndi trén, chang han véi trinh dich g++ 32 bit, kiéu int twong
dwong véi int32_t, ki€u long long twong dwong véi int64_t con ki€u unsigned long long
twong dwong véi uint64_t.
V&i hai kiéu dir liéu twong dwong, dung loai tén nao phai tuy theo muc dich sir dung va bao
tri. Hién tai thi int va int32_t la twong dwong, nhwng khdéng cé gi ddm bao ching twong dwong
trong cac hé diéu hanh va trinh dich thé hé ké tiép: int l1a kiéu s6 nguyén c6 dau tinh nhanh
nhit trén may con int32_t1a kiéu s6 nguyén cé dau chiém dung 32 bit. Viy nén mudn khai bao
bién s6 nguyén mang ki€u c6 diu tinh nhanh nhit thi nén dung kiéu int, con néu mot bién so
nguyén cé d4u chic chin chiém 32 bit bit ké trén hé théng nao thi nén dung int32_t. Twong
tw nhw viy, néu muén mat bién sé nguyén khéng ddu mang ki€u lén nhit trén may thi nén
dung kiéu unsigned long long, con néu mudn mdt bién s& nguyén khéng ddu chic chan chiém
64 bit thi nén dung uint64_t. TAt nhién day 1a vin hoa str dung kiéu, con néu biét chic chuwong
trinh cia minh chi chay trén hé diéu hanh va trinh dich nao thi chang c6 gi khac nhau vé cach
dung tén gitra hai kiéu twong dwong®.
Trong bai hoc nay, ta quan tAm t&i cac s6 nguyén khdng am, tirc 1a néu mot s6 nguyén biéu
dién béi z bit: b,_1b,_, ... by b, thi gia tri s6 nguyén d6 sé bang:

z-1

z bi.2t =b, 1.2 Y + b, 5.277%2 + -+ b;.2 + by

i=0
Trong hau hét cic vi du trong bai, ban cling cé thé dung cac kiéu s6 nguyén c6 ddu hay khong

d4u déu duoc do ta chi quan tAm téi cac bit ma khéng quan tAm t&i gia tri s6. Tuy nhién cin

* Cac tén goi nhuw int, long long, unsigned, ... ta dd quen thudc. Hé théng tén cé kém kich thwéc kiéu ciing rat dé
nhé: Tién t6 int hay uint chi ra kiéu c6 ddu hay khong ddu (c6 biéu dién dugc s6 am hay khéng), tiép theo 1a kich

thwéc kiéu 8, 16, 32 hodc 64, cudi cing 1a hdu t6 _t



than véi kiéu s6 nguyén c6 ddu néu ban phai stt dung 14n ca phép toan bit va cac phép toan sd
hoc (+,-,%, /, %)

1.2. Cac toan tw xwr ly bit

Cac toan ti xt ly bit (Bitwise operators) trong mét vai trweong hop sé lam chwong trinh hiéu
qua hon han ca vé tc do va tinh don gian. Co s& ctia ching 1a thuc hién cac phép toan logic
trén cac bit véi quy wée bit 1 1a true va bit 0 1a false.

Cac toan tir xtr ly bit déu c6 do phirc tap 0(1), hon thé ching x Iy nhanh hon ca cac phép
toan s6 hoc +, -, *, /, %. Duéi day ta khao sat so do bit biéu dién s6 nguyén va cac toan ti xtr
ly bit.

1.2.1. So’ @6 bit

Mot s6 nguyén z bit dwoc biéu dién béi so d6 sau:

z—12z-2 1 0

by | bys by | by

Bit s0 0 (bit cudi) dwoc goi la bit don vi hay bit thap nhat. Bit s6 z — 1 dwoc goi 1a bit cao nhat.
Dbé phu hop véi ky phap todn hoc, so do bit trong bai nay dwoc danh s6 tir phai qua trai du
rang trén thyc té, bd nhé Iwu gia tri day bit tir trai qua phai.

1.2.2. Phép dich trai va dich phai

Véi x va k 1a s6 nguyén.

Biéu thirc x « k cho két qua 1a s6 nguyén tao thanh tir day bit cua x dich trai k vi tri: k bit dau
tién bi cit bé va k bit 0 dwoc thém vao cudi day bit.

Vi du véi x ki€u uint8_t

x = 11; o|(o0ojojoOo|1|O0O| 1|1

x<«=2 |o|lof1]|o|1|1|o]|0]|// x=244

96

x<«=3; |of1]|1]o|lo|o|o]|o]//x

Phép toan x «< k hoat dong giéng nhu x. 2% (nhitng bit tran bi cit bd) nhung phép dich trai
thwc hién nhanh hon nhiéu so v&i phép nhan.

Biéu thirc x > k cho két qua la s6 nguyén tao thanh tir diy bit ctia x dich phai k vi tri: k bit
cudi cung bi cat bo va k bit 0 dwoc thém vao dau day bit.

Vi du v6&i x kiéu uint8_t



x=11; |o|o|lo|lo|1]0]|1]|1

X »=2; ojlolojo|o|lo|1]|of|//x=2

n
[

X >»=1; |0 0|0 0|0|0|0|1|//X

Phép toan x < k hoat dong giéng nhw x/2% nhwng phép dich phai thwc hién nhanh hon nhigu
so v&i phép chia nguyén.

Phép dich trai va dich phai c6 d6 wu tién twong dwong trong biéu thirc (cdp 7*), d6 wu tién cta
ching thip hon cac phép todn s6 hoc +, -, *, /, % va cao hon cac phép so sanh >, <, <=, >=, ==,
I=

Vidul+5«2+3=(1+5)«(2+3)=192

1.2.3. Phép dao bit

Phép dao bit thuc hién trén sd nguyén x, ky phap ~x cho gia tri bang mot s6 nguyén tao thanh
tir x bang cach dao hét bit 0 thanh 1 va bit 1 thanh 0.

Chu y rang trong biéu thirc s6 nguyén, cac ki€u di liéu nhé hon int sé dwoc tinh theo kiéu int,
vi vy néu bién x c6 ki€u uint32_t, int64_t hay uint64_t thi ~x sé nhan gia tri kiéu dé, néu
khong biéu thirc ~x sé mang gia tri ki€u int. Mu6én ~x mang kiéu cung véi x, phai st dung
todn ti ép kiéu (typecasting)

Phép dao bit trong biéu thirc s6 nguyén cé do wu tién cip 3, ngang v&i phép 14y s6 doi (-), tic
la wu tién hon cac phép toan sé hoc +, -, *, /, %, wu tién hon phép toan dich trai, dich phai cling
nhw cac phép toan bit khac.

1.2.4. Phép toan AND bit

Phép toan AND bit, ky hiéu x & y thuwc hién trén tirng cap bit twong &ng cia x va y dé tinh gia
tri cac bit két qua. Néu coi bit 0 trng véi hing logic false va bit 1 irng v&i hang logic true thi
phép toan AND bit hoat dong giéng nhuw phép logic AND (&&)

0&0=20
0&1=20
1&0=0
1&1-=1

Tirc 12 gia tri bit két qua bang 1 néu va chi néu ca hai bit todn hang déu 1a 1.
Tinh chat: véi b 1a mot bit

b&e
b&1

0&b=20
1&b=>b

* Cap cang nho do wu tién cang cao



Vi du trén ki€u s6 nguyén uint8_t, phép toan 9 & 12 sé cho két qua 1a 8:

OF:9
|
00

=12

Trong biéu thirc s6 nguyén, phép toan & c6 do wu tién cap 10
1.2.5. Phép toan OR bit

Phép toan OR bit, ky hiéu x | y thwc hién trén tirng cdp bit twong (rng ctia x va y dé tinh gia tri
céc bit két qua. Néu coi bit 0 rng v&i hang logic false va bit 1 rng vé&i hang logic true thi phép
toan OR bit hoat dong gidng nhw phép logic OR (||)

0
1
1
1

Ttec 12 gia tri bit két quéa bang 0 néu va chi néu ca hai bit todn hang déu 12 0.
Tinh chat:

b|o=29 b
b|1=1 1
<5

| b
| b
Vi du trén ki€u s6 nguyén uint8_t, phép toan 9 | 12 sé cho két qua la 13:
0 F -9
|
0|0 =12
] I

Trong biéu thirc s6 nguyén, phép toan | c6 do wu tién cip 12
1.2.6. Phép toan XOR bit

Phép toan XOR (eXclusive-OR) bit, ky hiéu x » y thwc hién trén tirng cdp bit twong &ng ctia x
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va y dé tinh gia tri cac bit két qua.

0
1
1
0

Trc 12 gia tri bit két qua bang 0 néu va chi néu ca hai bit toan hang giéng nhau (cing 12 0 hoic

R P,
Lo~ R <

cungla1).
Tinh chit:



x| e
x |1

Vi du trén ki€u s6 nguyén uint8_t, phép toan 9 » 12 sé cho két qua la 5:

0| x=x
1] x=~x

Trong biéu thirc s6 nguyén, phép toan * c¢6 d6 wu tién cip 11
1.2.7. Mot vai ky thuat co ban
Poc gia tri bit thir k cua x
xM»>k&l
Giai thich: Dwa vao tinh chdt: b & 1=bvab &0 =0
Phép toan x > k dich day bit cia x sang phai k bwdrc, bit thit k cia x tré thanh bit don vi. Gia

tri 1 c6 bit don vi 12 1 va cac bit khac déu bang 0. Phép todn “& 1” sé tach dwoc bit don vi (Hinh
1-1).

z—=1z-2 ... ko 1 0
x
D —
x> k: 00...0 F
1: 00...0 1
x>k &1: 00...0 ﬁ

Hinh 1-1. So d6 doc gia tri bit thi k cia x

Chu y la phép “>>” wu tién hon phép & nén khéng cin dau ngodc trong biéu thirc trén
Mot diéu nira can lwu y 13 néu mudn kiém tra bit thir k ctia x ¢ phai la 0 hay khong, ta khéng
thé viét:
if (x> k&1==0) .;
Ly do 1a vi phép & wu tién thap hon phép so sdnh == 1énh if khi d6 dwoc hiéu la:
if ((x >> k) & (1 ==0)) .;
Cach viét dung phai la:



if (x> k&1)==20).;
Pat bit thit k cia x thanh 1
x|=1KLk
Gidi thich: Dwa vao tinh chdtb |1 =1vab |0 = b.
1 « k 12 gia tri c6 duy nhit bit thir k bang 1 con tit ca cac bit khac bang 0. Khi OR bit x v&i gia
tri nay, bit thir k ctia x dwoc OR bit véi 1 nén n6 sé dwoc dat thanh 1 bat ké trudc do bit nay

bing bao nhiéu, cac bit khac dwoc OR bit véi 0 nén van giit nguyén gia tri (Hinh 1-2)

1> k: 00...0 1 00...0

7 y
<<k 77777 L G0

Hinh 1-2. Bat bit thit k cda x thanh 1

Chu y duy nhit 1a khi thwc hién phép toan x |= 1 « k 1a phai cin than v&i ki€u. Néu x 1a kiéu
uint64_t va k la ki€u int32_t, biéu thirc 1 < k sé dwoc tinh theo kiéu int va sé cho gia tri 0 néu
k > 32 do 16i tran. Nhitng viét dung la:

X |= 1ULL << k;

X |= 1LL << k;

X |= uint64 t(1) << k;

X |= int64_t(1) << k;

Pat bit thiv k ciia x thanh 0

x&=~(1«Kk)
Giai thich: Dwa vao tinh chitb & 1 =bvab &0 = 0.
1 «< k 1a gia tri c6 duy nhéit bit thit k bang 1 con tit cd cic bit khac bang 0. Khi dao bit,
~(1 < k) sé& c6 duy nhit bit thi k bang 0 con tat c& cac bit khac bang 1. Khi AND bit x véi gia
tri nay, bit thit k ctia x sé dwgc AND bit véi 0 nén né sé dwoc dit thanh 0 bat ké trwdc dé bit

nay bang bao nhiéu, cac bit khac dwgc AND bit véi 1 nén van gitr nguyén gia tri.



0
x: 7/

~(1 > k): 11..1 0 11..1

A A Y

s <0 770000 2

Hinh 1-3. Tat bit tht k ctia x thanh 0

Twong tw nhw trén, ta cin cin than ép kiéu khi tinh todn v&i cac so kich thwéc 16n hon int.
1.3. Mot sd bai toan vi du

1.3.1. Dung bit bi€u dién tap hop

Khi bi€u dién mot tap cac gia tri trong pham vi tir 0 t&i z — 1 véi z khong qua 16m (< 64), ta
c6 thé dung kiéu s6 nguyén dai z bit. Bit thir k bang 1 tirc 1a phan tir k thudc tAp hop con bit
thit k bang 0 tirc 1a phan tr k khong thudc tAp hop. Véi cach biéu dién nhw vay, z c6 thé lam
tron 1én thanh 8, 16, 32 hay 64 dé phu hop véi kiéu sé nguyén dwoc khai bao.

Chang han vé&i z = 10. S6 nguyén kiéu int16_t mang gia tri 11 duwoc dung dé biéu dién tap hop

{0,1,3}
3 2 1 0
1 n 1 1 [EEES

{0,1,3}

15 14 13 12 11 10 9 8 7 6 5 4
0

ofofojojojojo|fofOo|O0foO

V&i cach biéu dién nhw vay

#* Phanbu cha tip S c6 thé viétla ~S

Hop haitip Ava B (AU B) c6 thé viétla A|B

Giao cta hai tAp A va B (A N B) c6 thé viétla A&B

Hiéu ctia hai tAp A va B (A — B) c6 thé viét1a A&~B

Tap gbm nhirng phan t& chi thudéc mot trong hai tip A va B ((A — B) U (B — A)) ¢6 thé
viét1a A*B

=R R R ¢

Trong C++ STL, 16/p mau bitset<n> da cai dat tap hop chira cac gia tri tir 0 téin — 1 voi
cac phép toan trinh bay & trén

Bai toan

Ong John sé& hitu n con bd den va n con bo trang va 6ng ta tin rang mau ctia mdi con bo dwoc

quyét dinh béi mdt vi tri ndo dé trong bd gen ctia bo. Ong ta da 1ap ban do gen tir DNA ctia ca



2n con bd, mdi con bd c6 bod gen 1a mot chudi m ky tw € {4, C, G, T} danh s6 tir 0 téi m — 1.
Moi ky tu twong trung cho mot da phan ti hitu co goi 1a don phan (nucleotide).
Chang han

Vitri: 2123456 ...m1

Pen 1: AATCCCA... T
Pen 2: GATTGCA ... A
Pen 3: GGTCGCA ... A

Trang 1: ACTCCCA ... G

Trang 2: ACTCGCA ... T

Trang 3: ACTTCCA ... T

Ta goi mot vi trii (0 < i < m)lavi tri phan loai néu khong ton tai mot con bo den va mot con

bo trang nao cé cung nucleotide & vi tri d6. Nhw vi du trén thi vi tri 1 c6 thé 12 vi tri phan loai,

trong khi d6 vi tri 0 khong phai vi tri phan loai do con bo den 1 va con bo trang 1 déu cé

nucleotide s6 013 A, vi tri cudi cling khdng phai vi tri phan loai do con bo den 1 va con bo trang

2 déu cb nucleotide twong trngla T.

Yéu ciu: Dém s vi tri phan loai

Input

#* Dong 1 chira hai s6 nguyén dwongn < 100; m < 100

## n dong tiép theo, mbi dong chiram ky tw € {4, C, G, T} (tng v&i bd gen clia modt con bod den

## 7 dong tiép theo, mbi dong chira m ky tw € {4,C, G, T} (tng v&i bd gen clia modt con bod
trang

Output

Vidu

Sample Input | Sample Output
38 1

AATCCCAT
GATTGCAA
GGTCGCAA
ACTCCCAG
ACTCGCAT
ACTTCCAT

Thuat toan

V&i mobi vi tri i ta goi a[i] 12 tAp nhitng nucleotide tai vi tri i ctia nhitng con bo den va b[i] 1a
tap nhirng nucleotide tai vi tri i cda nhitng con bo trang. Nhw vi du minh hoa, ta c6 a[0] =
{A,G}vab[0] = {4}, hay a[1] = {4,G}vab[1] = {C}

Diéu kién cin va da dé vi tri i 1a vi tri phan loai chinh 1a a[i] n b[i] = @.

Vi cac tip a[.], b[.] c6 toi da 4 phan ti {4, C, G, T} ta c6 thé ma héa cac chir cai nay thanh cac
s6 0, 1, 2, 3 va tir d6 biéu dién cac tp hop nhu sau:

{A} = 0b0@O1 = 1 << ©
{C} = be016 = 1 << 1



{G} = 0bo100 = 1 << 2
{T} = 0b100G0 = 1 << 3

Qua dé, tap {4, C, T} c6 thé biéu didn bi {4} U {C} U {T} = 1011

E CLASSIFY1.CPP v Dém s0 vi tri phan loai
#include <iostream>

#include <string>

using namespace std;

const int maxM = 100;

int n, m, a[maxM], b[maxM];

string s;

inline int Code(char c)
{

switch (c)

{

case 'A': return 0b0001;

case 'C': return 0b0010;
case 'G': return 0b0100;
case 'T': return 0b1000;
}

return 0; //disable warnings

int main()

cin >> n > m;
getline(cin, s); //xudng dong 2
fill(a, a + m, @); //Khoi tao cac tap a[.] déu rong
for (int k = n; k > 0; k--)
{

getline(cin, s); //Poc bo gen cia 1 con bo den

for (int i = 0; i < m; i++)

a[i] |= Code(s[i]); //Bd sung nucleotide thi i vao tap a[i]

fill(b, b + m, @); //Khéi tao cac tap b[.] déu rong
for (int k = n; k > 0; k--)
{
getline(cin, s); //Poc bd gen cha 1 con bo trang
for (int i = @; 1 < m; i++)
b[i] |= Code(s[i]); //BO sung nucleotide thir i vao tap b[i]
}
int res = 0;
for (int i = @; 1 < m; i++)
if ((a[i] & b[i]) == @) res++; //a[i] n b[i] = @ < ali] *b[i] ==
cout << res;
}
CLASSIFY2.CPP v Dém s6 vi tri phan loai dung bitset
#include <iostream»
#include <string>
#include <bitset>
using namespace std;
const int maxM = 100;
int n, m;



typedef bitset<4> TSet;
TSet a[maxM], b[maxM];
string s;

inline int Code(char c)

{

int

switch (c)

{
case 'A': return 0;
case 'C': return 1;
case 'G': return 2;
case 'T': return 3;

}

return 0; //disable warnings

main()

cin >> n > m;
getline(cin, s); //xudng dong 2
for (int i = @0; 1 < m; i++)

{

a[i].reset();

b[i].reset();
}
for (int k = n; k > 0; k--)
{

getline(cin, s); //Poc bd gen clia 1 con bo den

for (int i = 0; i < m; i++)

a[i].set(Code(s[i])); //Bo sung nucleotide thir i vao tép a[i]

}

fill(b, b + m, @); //Khéi tao cac tap b[.] déu rong
for (int k = n; k > 0; k--)

{
getline(cin, s); //Poc bd gen cha 1 con bo trang
for (int i = @; 1 < m; i++)
b[i].set(Code(s[i])); //BO sung nucleotide thir i vao tap b[i]
int res = 0;

for (int i = 0; i < m; i++)
if ((a[i] & b[i]).none()) res++; //a[i] n b[i] = @
cout << res;
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