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A. PHAN MO PAU

Muc dich cia giang day tin hoc & truong THPT 1a cung cap cho hoc sinh kién
thirc vé tin hoc, phuong phap giai bai toan trong tin hoc va rén luyén tu duy, k¥ ning
lap trinh cho hoc sinh.

Khi giai quyét mot bai toan trong tin hoc, theo toi van dé& ma dugc cic em hoc
sinh quan tdm nhat d6 14 lya chon va sir dung thuat todn nao cho bai toan 1a t6i uu nhat
dua trén nén tang kién thirc cua cac em di duge hoc. Khong phai luc nao va véi 16p
bai toan nao ching ta cling c6 mot cach lam nhu nhau dugc ma doi hdi phai st dung
céc kién thtrc linh hoat. Chung ta can danh gia dugc su tac dong cua cac thuat toan ap
dung vao trong bai toan ciia minh ¢ cac mirc do khac nhau va tir d6 dinh hudng tim ra
giai thuat phu hop nhit.

Trong tin hoc, ngoai viéc lya chon thuat toan t8i wu cho bai toan thi viéc lua chon
ciu trac dir liéu phu hop cho bai toan rat quan trong vi khi chon ciu trac dir liéu phu
hop cling lam tdng hi€u qua xu ly bai toan.

Trong bai viét nay, t6i trinh bay cdu tric dir liéu bang bam ciing nhu van dung
bang bam dé giai quyét mot s6 bai toan so khép xau trong tin hoc.
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B. PHAN NOI DUNG

l. Co sé ly thuyét
1. Phép bam
Phép Bam 1a phép bién doi gia tri khoa ctia phan tir dir liéu thanh sb va sir dung
s6 nay dé danh dija chi cho phan tir dit liéu trén bang. Dua trén bang dia chi cua phép
bam chung ta c6 thé tham chiéu truc tiép dén cac phan tir dit lidu.
2. Bang bam
2.1. Khai niém
Bang bam T 1a m{t mang luu trtr dia chi dinh vi phén tor dir liéu co khoa phan
biét.
Bang bam T ¢6 kich thudc m thi cac dia chi (chi sb) trong T dugc danh tir 0 dén
m-1, mdi dia chi tuong g véi 0 hodc 1 hodc nhiéu khéa.
Vi du: Cho mot tap dir liéu D gdm 4 phan tir ¢6 gia tri twong tmg 13 4 Xau “tra”,
“cofe”, “banh”, “keo”. Hiy cho biét tap dir liéu D co chira xau S hay khong.
Thuwc hién phép bam
- Ta qui udc gia tri cua cac ki tu chir cai thuong twong ing la 'a' c6 giatrila 1, 'b'
cogiatrilaz,'c'cogiatrila3, ..., 'z' co gia tri la 26.
- Phép bam dugc chon thuc hién 1a phép tinh tong cac gia tri sé twong Gng ciia
cac ki ty co trong xau.
- Thyc hién phép bam cho cac phén tir cua tip D:
“tra”=>20+ 18+ 1 =239
“cofe”=3+15+6+5=29
“banh”=2+1+14+8=25
“keo”=11+5+15=31
- Theo két qua phép bam, ta xay dung bang bam T nhu sau: Bang bam T 1a mot
mang cac phﬁn tr kiéu xau. Cac phﬁn tir co khoa la “tra”, “cofe”, “banh”, “keo” duogc
dat 1an lugt vao cac vi tri 39, 29, 25, 31 cua mang T, cac vi tri con lai cua mang T 1a
rong.

0 25 29 31 39
(132 (1321 chanh” (132 “COfe” (133 “keO” (132 “tra” (133

- B¢ biét xau S co trong tap dir liéu D hay khong thi ta chi viéc tinh gi4 tri bam

T

clia S va truy xuét truc tiép tir bang bam T dé kiém tra. Chang han:
e V6iS="*"gao”
Gia tri bam (“gao”) =7 + 1 + 15 =23
Ta c6 T[23] 1a rdng, do d6 xau S khong co trong tap D
e V61 S =*“banh”
Gia tri bam (“banh”) =2+1+14+8=25
Ta c6 T[25] khac rong, do d6 Xau S ¢ trong tap D.
2.2. Phan loai bang bam
2.2.1. Bang bam dong
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Bang bim déng 1a bang bim ma mdi khoa trng v&i mot dia chi, thoi gian truy
xuat bang hang so.
2.2.2. Bang bam m¢&

Bang bim mé 13 bang bam ma mét s6 khoa co cung dia chi, lic nay mdi muyc dia
chi s& 12 mot danh sach lién két cac phan tir c6 cung dia chi, thoi gian truy xudt c6 thé
bi cham doé1 chut.

3. Ham bam
3.1. Khai niém

Ham bam 14 mot anh xa h tir tip cac gia tri khoa K cua dir liéu vao tip cac sb
nguyén {0, 1,..., m -1}, m la kich thudc cua bang bam, tirc la h: K - {0, 1, ..., m-1}.
Vi mdi k € K, ta ¢6 h(k) 1a mot dia chi trong bang bam.

Khoa Ham bam M3 bam

K = h ———— h(K)

Gia tri tra vé cia ham bam goi 1a gia tri bam hay ma bam.
3.2. Suw dung do

Sy dung d6 (xung dot) 1a khi cac khoa khac nhau nhung khi bam cho két qua
cung ma bam.

Ki # kj nhung ta c6 h(k;) = h(k))
3.3. Tinh chét ciia ham bim
Mot ham bam phai théa man céc tinh chat sau:
- Tinh todn nhanh.
- Cac khéa dugc phan bd déu trong bang.

-1t xay ra dung do.
- Xtr ly duoc céc loai khoéa co kiéu khéc nhau
3.4. Mt s6 ham bim thong dung
3.4.1. Ham cit bo
Ham cit bo s& loai bo bét mot phan nao d6 cua khoa.
Vi du: Cho khoa 1a mot s6 nguyén k = 842615.
Ta quy udc: Ham cét bo s& bo bét cac chir s6 hang 1é (1,3.,5...).
Vay h(k) = h(842615) = 821.
Nhin xét: Ham cit bo kho c6 phan bd déu.
3.4.2. Ham gap
Ham gép s& chia s6 nguyén d6 thanh mot s6 doan tily chon, sau d6 két hop cac
phan d6 lai theo mdt quy udc nio do.
Vi du: Cho khéa 1a mot s6 nguyén k = 842615.
Sb cac hang 1¢: 465
S6 cac hang chan: 821
Vay h(k)=465+821=1286.
Nhan xét: Tinh chét thtr hai c6 thé thoa mén tdt hon.
3.4.3. Ham phan du

Trang 3



Ham phan du s& 1y phan du cta khoa k chia cho m, sir dung phép chia 1y du
mod.
Ta c6 h(k) = k mod m, viéc chon gia tri m s& anh huéng dén gia tri h(k), thong
thudng chon m 14 mot s6 nguyén td.
Nhén xét: Cach ldy phan du cho kha nang tranh hién tuong xung dot.
I1. Ung dung céu tric dit liéu bang bam dé giai bai todn so khép xau
1. Lwa chon ham bam
Viéc lua chon ham bam c6 ang hudng rat 16n dén két qua cua bai toan. Lua chon
ham bam phai phu hgp, chinh x4c cao. Khi lga chon mgt ham bam thi mot tiéu chi
dugce quan tim nhat d6 13 ham bam it xay ra dung do.
Str dung ham bam 14 ham 14y phan du: h(k) = k mod m
Trong d6, k 12 khda, m 13 mot sb nguyén té phu hop
Nhan xét:
e Néuk;= k; thi h(k;) = h(k;), lap luén dung.
e Néuh(k) = h(k;) thi k; = k;, 1ap ludn khong ding(vi co thé xay ra dung do).
e D¢ sir dung ham lay phan du 1am ham bam thi ching ta phai chap nhéan lap
luan “h(k;) = h(k;) thi ki = k;” 1a dung.
Vay ta co: ki = kj < h(ky) = h(kj)
2. Bai toan so khép xau
2.1. Phat biéu bai toan
Cho hai xau A va B chi gom cac chit cai Latin thuong. Xau A c¢6 x ki tu va xau B
co y ki tu.
Yéu cau: Hay tim tat ca cac vi tri ma xau B xuét hién trong xau A.
2.2. Thuat toan
Tém tit bai toan
- Xau A gom x ki tu: A[1..x]
- Xau B gdom y ki tu: B[1..y]
- X4u con tir i dén j cua xau A la: A[i. j]
- Chung ta can tim tat ca cac vi tri i thoa man (1 <i < x-y+1) ma A[i..(i+y-1)] =
B[1..y]
Xay dung ham bam, bing bam
- Tap cac chit cai Latin thudng gdm co 26 chif céi {a, b,..., z}.
- Ta nhin nhan mot x4u chit cai 1a mot s6 biéu dién trong hé dém co sé 26. Hé
dém co sb 26 su dung 26 ky hiéu, gém a,b,...,zcogiatrituonginglao, 1, ..., 25.
- Chon m 1a s6 nguyén t5, ching han 10° + 7 hodc 2.10° + 11, ...
- Tinh gia tri ma bam h(s) cho xau s.
Vi du: Cho xau s = “abed”. Tinh gié tri h(s)
e Tinh gia tri ma bam h(s) cho xau s chinh 14 tinh gia tri ctia biéu dién
xau s trong hé dém co sd 26.
o Tacod “abed”y = 0%26°+ 1*26° + 2*26" +3*26°
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= (ord(‘a’)-97)*26° + (ord(‘b’)-97)*26° + (ord(‘c’)-97)*26*
+ (ord(‘d*)-97)*26°
=731.
e Vay h(s) = h(“abcd”) mod m =731 mod m
- Tinh gi4 tri ma bam ctia doan xau con s[i..j] (1 <i<j<n), nla sd ki ty trong
Xau s.
Vi du: Cho xau s= “abcdef™. Tinh gia tri ma bam cta doan s[3..6]
Ta co:

h(s[3..6]) = h(“cdef”)
= 2%26% + 3%26% + 4*26 + 5*26°
= (ord(‘c’)-97)*26° + (ord(‘d’)-97)*26° + (ord(‘e’)-97)*26" +
(ord(‘f)-97)*26°
h(s[1..6]) = h(*abcdef™)
= 0*26° + 1*26* + 2*26° + 3*26% + 4*26 + 5*26°
= (ord(‘@’) - 97)*26° + (ord(‘b’) - 97)*26"* + (ord(‘c’) - 97)*26° +
(ord(‘d’) - 97)*26%+ (ord(‘e’) - 97)*26" + (ord(‘f”) - 97)*26°
h(s[1..2]) = h(“ab”)
= 0*26" + 1*26°
= (ord(‘a’)-97)*26" + (ord(‘b’)-97)*26"
h(s[3..6])= h(s[1..6]) — h(s[1..2]) * 26*.
Vay ta c¢6: h(s[i..j]) = (h(s[1..j]) — h(s[1..(i-1)])*26"™** ) mod m.
- Chon s chia cho ham phan du m = 1000000000 + 7.
- Goi HashB la ma bam cua xau B.

- Tinh ma bam cua xau B.
HashB := 0;
for i:=1 to y do HashB:=(HashB*26 + (ord(B[i])-97)) mod m;
- Goi HashA[i1] 1a ma bam cua doan xau con A[1..1].
- Tinh ma Hash tit ca céc tién t6 cua Xau A.
HashA[0]:=0;
for i:=1 to x do HashA[i]:=(HashA[i-1]*26 + (ord(A[i])-97)) mod m;
- Goi Pow[i] 1a gié tri cia 26'.
- Tinh gia tri Pow([i], (0 <1 <Xx).
Pow[0]:=1;
for i:=1 to x do Pow[i]:=Pow[i-1]*26 mod m;
- Tinh gi tri ma bam cua doan xau con A[i..j], (1 <i<j<x), x 1a s6 ki tu trong
Xau A.
e h(A[i..j]) = (HashA[j] - HashA[i-1]*Pow[j-i+1]) mod m (*)
e X¢t cong thuc (*), ta co:
1 <Pow[t]<m-1v6i 1 <t<x
0 <HashA[i]<m-1vgi 1 <i<x
0 <HashA[j]<m-1vo11<i<x
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=> () < HashA[i]*Pow[t] < (m-1)* vé6i (1 <i,j <x)
=> -(m-1)? < HashA[j] - HashA[i]*Pow[t] < (m-1) v&i (1 <1 j, t <x)
=> h(A[i..j]) = (HashA[j] - HashA[i-1]*Pow][j-i+1]) mod m c6 thé nhan
gia tri am (khong phu hop véi tiéu chi gia tri ma bim 1a mot sb tw nhién).
St dung tinh chét trong quan hé dong du (a = a + k.m mod m) dé giai quyét su
bat hop 1y néu trén.
Vay ta c6: h(A[i..j]) = (HashA[j] - HashA[i-1]*Pow[j-i+1] + m*m) mod m
- Goi GetHash(i,j) 12 ham 13y gia tri ma bam cta doan xau con A[i..j].
Function GetHash(i,j:longint):Int64;
Begin
Exit((HashA[j]-HashA[i-1]*Powl[j-i+1] + m*m) mod m);
End;
Thuit toan giai quyét bai toan
Pé chi ra B xuat hién & nhiing vi tri nao trong A, ching ta can duyét qua moi vi
tri xuat phat c6 thé ctia B trong A.
Gia sir vi tri d6 14 i, chiing ta s& kiém tra A[i. . i + y — 1] c6 bang voi B hay
khong viéc ndy dong nghia véi viée ching ta can tinh va kiém tra ma bam cia doan
xau con A[i. . i+y — 1] ¢6 bang ma bam ciia xau B hay khong.

for i:=1to x-y+1 do
if (GetHash(i,i+y-1) = HashB) then writeln(i);

Chuong trinh tham khao

Uses Math;
Const fi="; fo=";
Var f:Text;
A,B:Ansistring;
Hash,Pow:array[0..1000000] of Int64;
m,Xx,y,HashB:Int64;
Procedure Build;
Var i:longint;
Begin
Assign(f,fi); Reset(f);
ReadIn(f,A); x:=length(A);
ReadIn(f,B); y:=length(B);
Close(f);
m:=1000000007;
Fori:=1to x do
Hash[i]:=(Hash[i-1]*26+ord(A[i])-97) mod m;
For i:=1to y do HashB:=(HashB*26+ord(B[i])-97)mod m;
Pow[0]:=1;
For i:=1to x do Pow[i]:=Pow[i-1]*26 mod m;
End;
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Function Get(i,j:longint):Int64;
Begin
Exit((Hash[j]-Hash[i-1]*Pow[j-i+1] + m*m)mod m);
End;
Procedure Output;
Var i:longint;
Begin
Assign(f,fo); ReWrite(f);
For i:=1to x-y+1do
If Get(i,i+y-1)=HashB then Write(f,i," ");
Close(f);
End;
BEGIN
Build;
Output;
END.

I11. BAI TAP VAN DUNG
1. Bai 1: Tién to va hau to
Nguén: https://vn.spoj.com/problems/C11STR2/
1.1 D¢ bai
X4u a duge goi 12 tién t6 ciia xau b néu x4u a tring véi phan dau cta xau b.
Vi du: pre 1a tién t6 cua prefix.
Xau a dugc goi 1 hau t ctia xau b néu x4u a trung véi phan cudi cia xau b.
Vi du: fix 14 hau t6 cua suffix.
Cho hai x4u a, b gdm cac ki tir Latin thuong. Hai x4u a va b khong nhét thiét phai khac
nhau va c6 do dai khong qua 10° ki tu .
Yéu ciu: Tim mot xau ki tu ¢ thoa man
- Xau a 12 tién t6 cua xau c;
- Xau b 1a hau t6 ctia xau c;
- P xai xau c 1a ngan nhat.
Dir liéu: Vao tir file van ban BAI1.INP
- Dong 1 chtra xau ki tu a;
- Dong 2 chira xau ki tu b.
Két qua: Ghi vao file van ban BAI1.OUT gém mot dong duy nhét 13 xau két qua c.
Vi du:

BAILINP | BAI1.OUT
abca abcab

cab

abc abc

abc
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https://vn.spoj.com/problems/C11STR2/

1.2. Huéng dan giii thuit

- Xauaconkituy,all, ..., n]
- Xau b coO mKki tu, b[1, ..., m]

m

- Tim phan chung x dai nhat 1a hau t6 ctia xau a, 1a tién t6 cua xau b

+ Goi Ha[i] 1a ma hash ctia doan xau con a[1..1], xét xau tur trai qua phai

+ Go1 Hb[1] 1a ma hash cua doan xau con b[1..1] , x€t xau tur trai qua phai

+ Poan xau con c6 d6 dai x vira 12 tién t6 ctia xau b, vira 1a hau td ctia xau a néu:
Hb[X] = Ha[n]-Ha[n-x]*pow[X]

- X6a x ki tu dau tién cua xau b

- Két qua cua bai toan 1a xau ghép: atb[x+1, x+2, ..., m]

1.3. Chwong trinh tham khao

CONST

FI="BAIL.INP'; FO="BAI1.OUT";

MAXN=100005;

vc=round(1e9);

VAR A,B:ANSISTRING;
ha,hb:array[0..maxn] of int64;
Pow:array[0..maxn] of int64;
n,m:longint;
frtext;

function min(x,y:longint):longint;

begin

if(x<y) then exit(x)else exit(y);
end;

function max(x,y:longint):longint;

begin

if(x>y) then exit(x)else exit(y);

end;

procedure doc;

begin
assign(f,fi); reset(f);
readin(f,a);
readin(f,b);
close(f);

end;

procedure Build,;

VAR i:longint;
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begin

Ha[0]:=0;
Hb[0]:=0;
pow[0]:=1;

n:=length(a); m:=length(b);
for i:=1 to max(n,m) do pow[i]:=(pow[i-1]*26) mod vc;
for i:=1to n do Ha[i]:=(Ha[i-1]*26+ord(A[i])-97) mod vc;
for i:=1 to m do Hb[i]:=(Hb[i-1]*26+ord(B[i])-97) mod vc;
end;
function KT(x:longint):boolean;
var vl1,v2:int64;
begin
v1:=Hb[Xx];
v2:=(Ha[n]-Ha[n-x]*pow[x]+vc*vc)mod vc;
if vi=v2 then exit(true);
exit(false);
end;
procedure Process;
var X,i:longint; kq:ansistring;
begin
assign(f,fo); rewrite(f);
x:=0;
for i:=1 to min(n,m) do if KT(i) then x:=i;
delete(b,1,x);
writeln(f,a+b);

close(f);
end;
Begin
doc;
Build;
Process;
End.

Do phtc tap cua thuat toan: O(n, m)
1.4. Test va code
https://drive.google.com/drive/folders/1D567hriA-itxBcZ2EVQ2fQwifoxQ-h4g?usp=sharing

2. Bai 2: GENOME
Nguon: http://www.olp.vn/luu-tru/2010/de-thi/DethiKhoiChuyenTin_OLP2010.pdf?attredirects=0&d=1

2.1. beé bai
DNA 1a thanh ph?ln co ban ciu tao thanh bo genome cua sinh vat. DNA bao gém 4 loai
khac nhau 13 {A,X,T,G}. Dé nghién ctru cac sinh vt & mirc d6 phan tir, nguoi ta tién
hanh giai ma by genome cua chung.
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https://drive.google.com/drive/folders/1D567hriA-itxBcZ2EVQ2fQwifoxQ-h4q?usp=sharing

bé giai ma by genome ciia mot sinh vat, may giai ma thé hé méi s& sinh ra N doan co
s, moi doan co so 1a mot day bao gém 30 DNA. Céc doan co s¢ s& dugc ghép ndi véi
nhau dé tao thanh mot bo genome hoan chinh.
Ta néi mot doan DNA X dugc bao phu boi mot doan co sé Y néu ton tai mot doan cua
Y trung voi X. Gid su k 1a mot $6 nguyén duong, mot doan DNA X dugc goi 1a doan
tin twong cap k néu X duoc bao phui bai it nhat kdoan co so.
Yéu chu: Cho n doan co so va sb nguyén duong k, hiy tim doan tin tudng cap k c6 do
dai 16n nhit.
Dir liéu: Vao tur file van ban BAI2.INP

- Dong dau chira hai s6 nguyén duong n va k (0< k < n < 30.000);

- Trong n dong tiép theo, mdi dong chira mot doan co sé.
Két qua: Ghi vao file van ban BAI2.OUT mdt ) nguyén xac dinh d6 dai cua doan tin
tuong tim duoc (ghi -1 néu khong ton tai doan tin tudng cap k).
Vi du:

BAI2.INP BAI2.OUT
43 15
AAAAAAAAATAAAATAAAAAAAAAAAAATG
AAAAAAAAAAAAAAAAAAAATAAATGAAAA
AAAAAAAAAAAAAAAAAAATGAAAAAAAAA
AAAAAAAAAAAAATGAAAAAAAGGGGAAAA
2.2. Huéng dén giai thuat
Chat nhi phan theo do dai cua doan co so:

- Véi @6 dai can xét 1a d:
+ Goi C[i] 1a ma hash cua doan DNA thtr i ¢c6 d6 dai la d
+ Goi DJ[i] 1a chi s6 cua doan co s& chira doan DNA thtr i
+ Ta can kiém tra xem c6 di k doan DNA khac nhau (khéng c6 hai doan
DNA cung thudc mot doan co s&) c6 cung ma Hash hay khong.
OS(1,M); //sort mang C

C[0]:=-1;
For i:=1to M do
If C[i]<>C]Ji-1] then
Begin
If Res>=k then Exit(True);
Res:=1;
End
Else
If D[i]<>D[i-1] then Inc(res);
Exit(False);

- Tim d 16n nhét thoa mén diéu kién trén
2.3. Chuong trinh tham khio

Const fi='BAI2.INP'; fo='"BAI2.0UT";
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Var f:Text;
G:array['A".."Z"] of Byte;
N,K,VC:Int64;
H:array[0..30000,0..30] of Int64;
P:array[0..30] of Int64;
D,C:array[0..1000000] of Longint;
Procedure Build,;
Var
I,j:Longint;
X:String;
Begin
G['A]:=0;
G[T]:=1,
G['G']:=2;
G['X]:=3;
Assign(f,fi); Reset(f);
ReadIn(f,N,K);
P[0]:=1,;
VC:=1000000007;
Fori:=1to N do
Begin
ReadIn(f,X);
For j:=1 to 30 do H[i,j]:=(H[i,j-1]*4+G[X[j]]) mod VC;
End:;
For i:=1to 30 do P[i]:=P[i-1]*4 mod VC,;
Close(f);
End:;
Procedure QS(L,R:Longint);
Var
tg,X,y:Int64;
I,j:Longint;
Begin
I:=L; J:=R;
x:=C[(i+]j) div 2];
y:=D[(i+j) div 2];
Repeat
While (CJi]<x) or ((C[i]=x) and (D[i]<y)) do Inc(i);
While (C[j]>x) or ((C[j]=x) and (D[j]>y)) do Dec(j);
If i<=j then
Begin
tg:=DI[i]; D[i]:=DI[j]; D[i]:=tg;
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tg:=C[i]; C[i]:=C[j; C[j]:=tg;
Inc(i); Dec(j);
End;
Until i>j;
If i<R then QS(i,R);
If j>L then QS(L,));
End;
Function kt(x:Longint):Boolean;
Var
1,J,M,res:Longint;
Y:Int64;
Begin
M:=0;
res:=0;
Fori:=1to N do
For j:=1to 30 do
If j+x-1<=30 then
Begin
Y:=(H[i,j+x-1]-H[i,j-1]*P[x]+VC*VC) mod VC,;
Inc(M);
C[M]:=Y;
D[M]:=i;
End;
QS(1,M);
C[0]:=-1;
Fori:=1to M do
If C[i]<>C]Ji-1] then
Begin
If Res>=K then Exit(True);
Res:=1
End
Else
If D[i]<>D[i-1] then Inc(res);
Exit(False);
End;
Procedure Process;
Var |,r,tg:Longint;
Begin
Assign(f,fo); Rewrite(f);
I:=1; r:=30;
While I<=r do
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Begin
tg:=(1+r) div 2;
If kt(tg) then l:=tg+1
Else r:=tg-1;
Fillchar(C,sizeof(C),0);
Fillchar(D,sizeof(D),0);

End;
If r=0 then r:=-1;
Writeln(f,r);
Close(f);

End;

BEGIN
Build:;
Process;

END.

Do phure tap cua thuat toan: O(30*n*log,30)
2.4. Test va code
https://drive.google.com/drive/folders/1D567hriA-itxBcZ2EVQ2fQwifoxQ-h4g?usp=sharing

3. Bai 3. MORSE
Nguon: https://vn.spoj.com/problems/MORSE/

3.1. Dé bai

Hién nay, khi cong nghé thong tin phat trién, con ngudi thudng trao d6i voi nhau bang
dién thoai, fax hay email. Hay quay nguoc thoi gian lai 100 ndm, khi dé con nguoi
khong c6 dién thoai hay fax, lai cang chéng cO email, nguodi ta phai lién lac v&i nhau
bﬁng mat ma MORSE. Day la loai mat ma ma cac ki tu chi dugc ma hoa bﬁng 2 ki
hiéu “.” (tich) va “- (t¢). Dé chuyén di modt vin ban, ngudi ta ma hoa timg chir cai
trong vin ban d6 thanh nhitng day ki tu tich t&. Trén thé gidi d3 quy dinh mot quy tic
mi hoa chudn nhu sau:

X{Cclaojojr|[—[TMmoO

<[<[OT O[O >
N S[HO[Z[ AT M @

Han ché ciia cich mi héa nay l1a mot diy ma hoa c6 thé c6 nhiéu cach giai mi. Vi du
day -.-..-- c6 thé duoc hiéu 1a CAT hay NXT déu ding. RS rang 14 trong truong hop
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binh thudng, chiing ta s& phai hiéu 1a CAT vi NXT khong c6 nghia. Tuy vdy mot diy
m& hoa van co thé co nhiéu cach giai mi c6 nghia.
Yéu cdu: Ban c6 trong tay mot diy di ma hoa va mot danh sach cac tir 6 nghia, ban
hay tinh xem c6 bao nhiéu cach gidi ma c6 nghia. (Mot cach gidi ma c6 nghia 1a mot
cach chia doan MORSE ban dau thanh céc doan con lién tiép sao cho mdi doan duoc
gidi ma thanh mot tir c6 nghia)
Dir liéu: Vao tur file van ban BAI3.INP

- Dong thir nhit ghi x4u di ma hoa gdm khong qua 10000 ki tur tich te;

- Dong thir hai ghi s6 n 1a s6 cac tir c6 nghia (n < 1000);

- Trong n dong tiép theo, mdi dong ghi mot tir ¢o nghia. Cac tir 13 cac xau khong
rong gébm khong qua 10 ki ty trong sb cac ki tu ‘A’ .. <Z’.
Két qua: Ghi vao file vin ban BAI3.OUT sb P 1a phan du sb cach giai ma c6 nghia
chia cho 10000007.
Vi du:

BAI3.INP BAI3.OUT

TACK
TICK
ATTACK
DAWN
DUSK

3.2 Huéng din giai thuat

- Goi S 1a xAu m3 hoa dé cho

- Goi CJ1] 1a d¢ dai ma MORSE tuong ing cua tur thur 1

- Goi DJ[1] 1a ma hash tuong tng ma MORSE cua tur thir i

- Goi H[i] 1a ma hash cta doan xau mé& hoa S[1..i]

- Goi L[i] 1a s6 cach giai ma c6 nghia ctia doan x4u ma hoa S[1..i]

- Tinh mang L:
L[0]:=1;
Fori:=1to M do

For j:=1to N do
If i+C[j]-1>M then Break

Else
Begin
X:=(H[i+C[j]-1]-H[i-1]*P[C][j]]+VC*VC) mod VC;
If X=D[j] then
L[i+C[j]-1]:=(L[i-1]+L[i+C][j]-1]) mod 10000007,
End;
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- Két qua bai toan: L[M]
3.3 Chuong trinh tham khao

Const
fi="bai3.inp'; fo='bai3.out’;
T:array['A"..'Z] of string=('.-", '-...", "-.=.") =0 0, =t = L L e e e
Var
f,g:Text;
S:ansistring;
D,P,H,L,C:array[0..10005] of Int64;
N,VC,M:Int64;
Function Ox(x:char):byte;
Begin
If x="" then Exit(0);
Exit(1);
End;
Procedure QS(L,R:Longint);
Var tg,x:Int64;
I,j:Longint;
Begin
I:=L; j:=R; x:=C[(i+]) div 2];
Repeat
While C[i]<x do Inc(i);
While C[j]>x do Dec(j);
If i<=j then
Begin
tg:=D[i]; D[i]:=D[]; D[] :=tg;
tg:=C[il; C[il:=C[i]; CL1:=tg;
Inc(i); Dec(j);
End;
Until i>j;
If i<R then QS(i,R);
If j>L then QS(L,j);
End;
Procedure Build;
Var
X,Y:String;
I,j:Longint;
Begin
Assign(f,fi); Reset(f);
ReadIn(f,S);
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VC:=1000000007;
M:=length(S);
ReadlIn(f,N);
P[0]:=1;
Fori:=1to N do
Begin
ReadIn(f,X); Y:=";
For j:=1to length(X) do Y:=Y+T[X[]j]1]; C[i]:=Length(Y);
For j:=1to length(Y) do
D[i]:=(D[i]*2+0x(Y[j])) mod VC;
End;
For i:=1to M do H[i]:=(H[i-1]*2+0x(S[i])) mod VC;
For i:=1to M do P[i]:=P[i-1]*2 mod VC;
QS(1.N);
Close(f);
End;
Procedure Process;
Var
I,j:Longint;
X:Int64;
Begin
Assign(f,fo); Rewrite(f);
L[0]:=1;
Fori:=1to M do
For j:=1to N do
If i+C[]j]-1>M then Break
Else
Begin
X:=(H[i+C[j]-1]-H[i-1]*P[C[j]]+VC*VC) mod VC;
If X=D[j] then
L[i+C[j]-1]:=(L[i-1]+L[i+C[j]-1]) mod 10000007,
End;
Writeln(f,L[M]);
Close(f);
End;
BEGIN
Build;
Process;
END.

Do phuc tap caa thuat toan: O(n*m), véi n 12 s tir c6 nghia, m 13 s6 ki tu trong xau

ma hoa
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3.4. Test va code
https://drive.google.com/drive/folders/1D567hriA-itxBcZ2EVQ2fQwifoxQ-h4g?usp=sharing

4. Bai 4. Chudi con xuét hién k lan
Nguén: https://vn.spoj.com/problems/DTKSUB/

4.1. Dé bai
Mot xau A[1..m] duoc goi 1a xuat hién trong xau B[1..n] ding k 1an khi va chi khi ton
tai k vi tri 1 phan biét sao cho A[1..m] = BJ[i..itm-1].
Yéu clu: Cho xau S ¢6 do dai n va mot sb nguyén k. Tim xau dai nhét xuit hién it
nhat k 1an trong xau S.
Dir liéu: Vao tur file van ban BAI4.INP

- Dong 1 chira hai s6 nguyén n va k (1 < n <50000; 1 <k <200);

- Dong 2 chira xau S c¢6 do dai n (g0m cac chif cai in thuong viét lién tiép nhau).
Két qua: Ghi vao file vin ban BAI4.OUT mot sé duy nhat 13 d6 dai cta xau dai nhat
xuat hién it nhét k 1an trong x4u S.

Vi du:
BAI4.INP | BAI4.OUT
52 4
XXXXX

4.2. Huéng dén giai thuat
- Goi Hash[i] 1a ma hash cua doan xau ma hoa S[1..1]
- Goi T[z] 14 s6 doan xau khac nhau c6 ma hash 1 z
- Get(i,i+d-1) iy ma hash cta doan x4u c6 d6 dai d bat dau tir vi trf i
- Chat nhi phan theo d§ dai ctia xau S:
e V/Gi dd dai can xét 1a d: Ta can kiém tra xem c6 du k doan xau khac nhau c6
dd dai d trén xau S c6 cung ma Hash hay khong.
For i:=1 to N-d+1 do

Begin
z:=Get(i,i+d-1);
inc(T[z]);
if T[z]>=k then Exit(True);
End;
Exit(False);

e Tim d 16n nhét thoa mén diéu kién trén.
4.3. Chuwong trinh tham khao

Const fi="bai4.inp'; fo='bai4.out’;
VC=1000007;
Var f:text;
N,K:longint;
X:Ansistring;
Hash,P:array[0..100000] of int64;
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T:array[0..1000007] of longint;
Procedure Build;
Var i:longint;
Begin
Assign(f,fi); Reset(f);
ReadIn(f,N,K);
ReadIn(f,X);
For i:=1to N do Hash[i]:=(Hash[i-1]*26+ord(X[i])-97) mod VC;
P[0]:=1;
For i:=1to N do P[i]:=(P[i-1]*26) mod VC;
Close(f);
End;
Function Get(i,j:longint):int64;
Begin
Exit((Hash[j]-Hash[i-1]*P[j-i+1]+VC*VC) mod VC);
End;
Function kt(d:longint):Boolean;
Var i,l:longint;
ha:int64;
Begin
For i:=1to N-d+1 do
Begin
ha:=Get(i,i+d-1);
Inc(T[ha]);
If T[ha]>=k then Exit(True);
End;
Exit(False);
End;
Procedure Access;
Var d,c,tg:longint;
Begin
Assign(f,fo); Rewrite(f);
d:=1; c:=N-K+1;
While d<=c do
Begin
tg:=(d+c) div 2;
If kt(tg) then d:=tg+1
Else c:=tg-1;
Fillchar(T,sizeof(T),0);
End;
Writeln(f,c);
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Close(f);

End;

BEGIN
Build;
Access;

END.

Do phuc tap cua thuat toan: O(nlog,n)

4.4, Test va code
https://drive.google.com/drive/folders/1D567hriA-itxBcZ2EVQ2fQwifoxQ-h4g?usp=sharing

5. Bai 5. Xau ddi xirng dai nhat
Nguon: https://vn.spoj.com/problems/PALINY/
5.1. B¢ bai
Cho xau S chi gdm cac ki ty chit cai Latin thuong.
Yéu cu: Tim xau doi xtng dai nhat gdm cac ki tu lién tiép trong xau S.
Dir liéu: Vao tur file van ban BAIS.INP
- Dong 1 chira s6 nguyén n 14 s6 ki ty ctia xau S (1 <n < 50000);
- Dong 2 chtra xau ky tu S.
Két qua: Ghi vao file van ban BAI5.OUT gdém mdt s6 duy nhat 1a d6 dai ciia xau d6i
xung dai nhat.
Vi du:

BAI5.INP | BAI5S.OUT
5 3
abacd

5.2. Hwéng din giai thuat
- Goi Ha[i] 1a ma hash cua doan xau con S[1..1], xét xau tur trai qua phai
- Goi Hb[i] 1a ma hash cta doan xau con S[n..i], xét xau tr phai qua trai
- Mot doan xau con ¢ d6 dai 1a d, bat dau tir vi tri i trén xau S 1a d6i xung néu:
Ma& hash(S[i..i+d-1]) = Ma hash(S[i+d-1..i])
Ha[i+length-1]-Ha[i-1]*P[length] = Hb[i]-Hb[i+length]*P[length]
- Chét nhi phan theo d6 dai cta xau S:
o V6i d6 dai can xét 1a d, ta can kiém tra ¢6 doan xau con d6 dai d trén xau S
1a d6i xtmg.
For i:=1 to N-d+1 do
Begin
A:=(Ha[i+d-1]-Ha[i-1]*P[d] +VC*VC) mod VC;
B:=(Hbl[i]-Hb[i+d]*P[d] +VC*VC) mod VC;
If A=B then Exit(True);
End;
Exit(False);
e Tim d 16n nhat théa man diéu kién trén
5.3. Chwong trinh tham khio
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Const fi="bai5.inp"; fo='bai5.out’;
Var f:Text;
N:longint;
X:ansistring;
VC:Int64;
P,Ha,Hb:Array[0..1000000] of Int64;
Procedure Build,;
Var i:longint;
Begin
Assign(f,fi); Reset(f);
ReadIn(f,N); VC:=1000000007;
ReadIn(f,X); P[0]:=1;
Fori:=1to N do
Begin
Ha[i]:=(Ha[i-1]*26+0rd(X[i])-97) mod VC,;
Hb[N-i+1]:=(Hb[N-i+2]*26+0rd(X[N-i+1])-97) mod VC;
P[i]:=P[i-1]*26 mod VC,;
End;
Close(f);
End;
Function kt(length:longint):Boolean;
Var i:longint;
A,B:Int64;
Begin
For i:=1 to N-length+1 do
Begin
A:=(Ha[i+length-1]-Ha[i-1]*P[length] +VC*VC) mod VC;
B:=(Hb[i]-Hb[i+length]*P[length] +VC*VC) mod VC;
If A=B then Exit(True);
End;
Exit(False);
End;
Procedure C2;
Var d,c,tg:longint;
Begin
Assign(f,fo); Rewrite(f);
d:=1; c:=N;
While d<=c do
Begin
tg:=(d+c) div 2;
If kt(tg) or kt(tg+1) then d:=tg+1
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Else c:=tg-1;
End;
Writeln(f,c);
Close(f);
End;
BEGIN
Build;
C2;
END.

5.4. Test va code
https://drive.google.com/drive/folders/1D567hriA-itxBcZ2EVQ2fQwifoxQ-h4qg?usp=sharing

6. Bai 6. Xir ly xau

Nguon: https://codeforces.com/group/FLVn1Sc504/contest/271720/problem/D
6.1. D& bai
Bom 1a mdt hoc sinh chuyén tin. Hom nay Bom duoc thﬁy day vé thur tu tir dién va cac
bai toan lién quan. Sau mot hoi giang giai va dinh nghia thir ty tir dién 1a gi, thay lay
ngay mot vi du cho 16p. Thay viét 1én bang 2 chudi ki tw dai oi 1a dai, va hoi ca 16p
"Chudi thir nhat c6 thtr tu tir dién nhu thé nao dbi véi chudi thir hai: dimg trude ('<),
dung sau (>') hay bang nhau ('=") 222"

Ca 16p thi dang hoang mang, vi ciing ching c6 ai hiéu duoc dinh nghia "Tha tu tir dién
1a gi?" cua thay, noi gi dén viéc giai bai tap. Nhung Bom thi nguoc lai, do di chuan bi
va xem bai truéc ¢ nha nén di tra 10i ngay duoc ciu hoi cta thay sau khi thdy vira dut
161. Bom ngéi choi trong lic moi ngudi dang thdo luan x6n xao, nén da tao thém mat
sO vi du nita vé thir ty tir dién dé co6 thé hiéu sau thém vé bai hoc. Nhin ngay 1én bang,
Bom phat hién tr 2 xau trong vi du cua thﬁy, Bom c6 thé tu sinh ra rat nhiéu vi du
khéc. Cu thé hon, Bom chon mét xau con trong xau thu nhat va mot xau con trong xau
tht hai, thé 1a c6 ngay mot cap xau dé ma so sanh. Xau con & day duoc hiéu 12 mot
day cac ky tu lién tiép.

Thé 1a Bom lién tuc sinh ra cac vi du va tra 15i ching. Bom cang 1am cang nhay, va tra
101 cac cau hoi vé tha ty tir dién cang nhanh. Pén ndi trong 1 gidy Bom da co thé tra
161 dén tat ca 1a 10° cau hoi!

Yéu cau:

Cho 2 xau A va B chi chura cac ki tu chir cai Latin thuong va mdt danh sach
gém q cau hoi c6 dang (x, y, u, v), voi y nghia can so sanh thi tu tir dién cta xau con
A[x..y] va B[u..v]. Cac ki tu cia mdt xau dugc danh sd tir trai qua phai, bat dau bang
1; va ky hiéu A[x..y] thé hién xau con tir ki tu thir x dén y ctia xau A.

Ban hay viét mot chuong trinh mo ta lai hoat dong tra 101 cac cau hoi cia Bom.
Luuy:

XAau ay, ay, ..., a, (8 1a ki tu the i ciia xau A) c6 thir tu tir dién nho hon xau by, by, ...,
b, néu:
e n<mvaa;=b;véimoii(l <i<n)hoac
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e v6ik (1 <k <min(m, n)) la gia tri nho nhét thoa a, # by thi a, < by.
e Hai xau co thi tu tir dién béng nhau néu khong thé xac dinh duoc xau nao cb
tht ty tir dién nho hon.
Dir liéu: Vao tur file van ban BAI6.INP
- Dong dau chira hai s6 nguyén dwong n, m 1a 6 dai twong Gng cua hai xau A va
B;
- Dong thur hai chira xau A;
- Dong thur ba chtra xau B;
- Dong thir tu chita s6 nguyén duong q 1 s6 cau hoi trong danh sach;
- Trong q dong tiép theo, mdi dong gdm 4 sb nguyén duong X, y, U, V(1 <x <y
<n; 1 <u<v<m)mod td mot cAu hoi can tra 1oi.
Két qua: Ghi vao file van ban BAI6.OUT mot dong gém q ki tu hoac 1a '=" hoac 1a >
hoic 13 '<' lién tiép nhau twong Gmg véi q cau tra 1oi.
Vi du:

BAIG6.INP BAI6.OUT
1314 =<>
bomthichdacau
bomthichdabanh
3
110110
110111
111111

Gi6i han: n, m, q < 10°
6.2. Huéong dén giai thuat
- Goi hasha[i] 1a ma hash cua doan xau con A[1..i], xét xau tr trai qua phai
- Goi hashb[i] 1a ma hash cuia doan xau con BJ[1..i], xét xau tir trai qua phai
- gethasha(x,x+k-1) lay gia tri ma hash cua doan xau con c6 d6 dai k tir vi tri x trén
xau A.
- gethashb(u,u+k-1) 13y gié tri ma hash ctia doan xau con c6 d dai Kk tir vi tri u trén
Xau B.
Véi mbi truy van (x, y, u, v):
e Dit n=y-x+1; m=v-u+l
e Tim sb k 16n nhat ma gethasha(x,x+k-1) = gethashb(u,u+k-1), voi 0 < k<
min(n,m)
e Néu k= min(n,m):
v' Néu n=m thi két qua Ia dau ‘=’
v' Néu n<m thi két qua Ia dau ‘<’
v' Néu n > m thi két qua la dau <>
e Néu k < min(n,m):
v' Néu A[x+k]<B[u+k] thi két qua la dau <’
v' Néu A[x+k]>B[u+k] thi két qua 1a dau <>
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6.3. Chuwong trinh tham khio

const m=round(1e9)+7;
var a,b:ansistring; x,y,la,lb,ra,rb:longint;
hasha,hashb,pow:array[0..1000005] of int64;
procedure doc;
begin
readin(x,y);
readin(a);
readin(b);
end;
procedure khoitao;
var i:longint;
begin
hashb[0]:=0;

for i:=1 to y do hashb[i]:=(26*hashb[i-1]+ord(b[i])-97) mod m;

hasha[0]:=0;

for 1:=1 to x do hasha[i]:=(26*hasha[i-1]+ord(a[i])-97) mod m;

pow|[0]:=1;

for i:=1 to x do pow[i]:=pow[i-1]*26 mod m;
end;
function gethasha(i,j:longint):int64;
begin

exit((hasha[j]-hasha[i-1]*pow[j-i+1]+m*m) mod m);
end:
function gethashb(i,j:longint):int64;
begin

exit((hashb[j]-hashbl[i-1]*pow[j-i+1]+m*m) mod m);
end:
function minxy(x,y:longint):longint;
begin

If x<y then exit(x) else exit(y);
end:
function cmp:char;
var d,c,g,l,k:longint;
begin

k:=0:

I:=minxy(ra-la+1,rb-Ib+1);

d:=1; c:=l;

while d<=c do

begin

g:=(d+c) div 2;
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if gethasha(la,la+g-1)=gethashb(lb,lb+g-1) then

begin
k:=g;
d:=g+1;
end
else c:=g-1;
end,
if k=I then
if ra-la=rb-1b then exit('=")
else
if ra-la<rb-1b then exit('<’)
else exit(">")
else

if a[la+k]<b[lIb+K] then exit('<’)
else exit(>";

end;

procedure xuli;

var i,n:longint;

begin
readln(n);
fori:=1tondo
begin
readin(la,ra,lb,rb);
write(cmp);
end,;
end;
begin

assign(input,'bai6.inp’); reset(input);
assign(output,'bai6.out’); rewrite(output);
doc;
khoitao;
xuli;

end.

Do phire tap cua thuat toan: O(q*log,(m,n))
6.4. Test va code

https://drive.google.com/drive/folders/1D567hriA-itxBcZ2EVQ2fQwifoxQ-h4g?usp=sharing
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C. PHAN KET LUAN

Chuyén dé nay da gitp ban than t6i tim hiéu siu hon kién thuc vé xir Iy xau,
van dung cdu tric dir liéu bang bam trong giai quyét cac bai toan so khép xau va gitp
hoc sinh tim hiéu thém mot luff)ng kién thirc m&i hitu ich cho ban than.

Mic du da c6 nhiéu thoi gian tim hiéu, nghién ciru nhung do trinh d6 cua ban
than c6 han nén viéc thuc hién nghién cau con nhiéu han ché rat mong duoc su gop Y
chan thanh cua dong nghiép, thay cé gido dé nghién ctru cua t6i dugc hoan thién hon.

Nhén day, toi ciing xin gt 101 cam on tdi qay thiy cd, quy ban dong nghiép da
gitip 45, trao ddi tai liéu va gop y dé toi hoan thién chuyén moén ctia ban than hon,

T6i chan thanh cam on!
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D. TAI LIEU THAM KHAO
1. Tai liéu giao khoa chuyén Tin tap 1, 2, 3.
2. Website: http://vn.spoj.com/
3. Website: http://codeforces.com
4. https://vi.wikipedia.org/wiki/B%E1%BA%A3ng_b%C4%83m
5. https://vnoi.info/wiki/algo/data-structures/hash-table.md
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