TRUONG THPT CHUYEN HA LONG HUONG DAN CHAM DPE THI PE XUAT

HOQC SINH GIOI DHBB NAM 2023
Mon thi: TIN HOC 11

I. HUONG DAN CHUNG

1. Giam khao nghién ctru dé, hudng din chim, test, code;
Chép bai cua thi sinh vao may chAm. Kiém tra bai thi sinh trén gidy in va trén may;

3. Thyc hién cham bai trén may chdm (bai thi cia thi sinh duge cham trén may tinh bang phan mém
cham thi Themis, ban quyén caa Cuc Quan 1y chat luong);

4. Kiém tra két qua cham bai (kiém tra lai cac bai c¢6 két qua nhu khong ton tai bai, 18i bién dich,
céc bai bi 0 diém, . )3

5. Téng hop két qua cham bai cua thi sinh. Diém bai thi dugc xuat tir phan mém cham thi, khong
quy tron diém cua ting ciu, diém cua bai thi.

II. PAP AN VA BIEU PIEM
Bai 1. Mat khau (7 diém)
> Phan b diém
o (06 20% sb test tng véi 20% s diém ctia bai co m < 10;n; < 3;k; < 2 X 10°;
o C620% sb test g v6i 20% s diém cua bai co m < 2 x 10% n; + k; < 50;
o (6 30% sb test khac tmg v6i 30% s diém cua bai c6 m < 5000; nyk; < 5000;
o (C630% sb test con lai ing véi 30% s6 diém ciia bai c6 gidi han nhu dir kién bai ra.
> Hudéng din thuit toan
Subtask 1:
e Néun=1,taco: p(1,k) =kp(0k)=k

, K[p(0.k) + p(LK)] k(L +k
e Néun=2,taco: p(2,k) = Lot )2 PABT_ (2 );

k(k + 1)
kp(0J) + p(LK) + p(2J)] KL+ K+ T+] _kA+R2+k)

e Néun=3,tacé: p(3,k)= 3 = 3 = A

Can clr vao cic cong thirc trén, tinh két qua cua biéu thic lay theo modulo 10° + 7.
D0 phuec tap thuat toan: O(m).
Subtask 2:

Véin =1, taco:
[p(0k) +p(LE)+ ...+ p(n-1 k)] n-1 k[p(0,k)+p(Lk)+..+pn-2k)] kpn-1k)
p(nk) = n n n-1 + n
(n-1+kpn-1k)
n

Tir cong thire truy hdi ta xdy dung ham dé quy dé tinh gia trj biéu thirc va lay két qua theo modulo 10°
+ 7. Nhung v6i cach tinh toan xay dung ham d¢ quy dé tinh bi€u thire, két qua c6 thé bi tran so khi
n+ k > 50.

Do phtc tap thuét toan: 0(m.n).
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Subtask 3:
Ttr cong thire truy hdi & trén, ta co:

S — m-1+k)n-2+k)..(1+kk

n!

Dén day ta tinh p(n,k)%(10° + 7) theo cac budc sau:

Buwde 1. Dung vong 1dp tinh:

a=m-1+k)(n-2+k)..(1 + )k % (10° +7), b =n!%(10° + 7).

Buéc 2. Dung dinh 1i Ferma nho tinh ¢ 1a nghich dao mé dun cua n! (theo modulo 10° + 7).
Dinh li Ferma nhé: Véi s6 nguyén dicong u va sé nguyén té p, ta cé: uP~ ' = 1(mod p).
Tir @6 suy ra uP =2 la nghich ddo mé dun ciia u theo mé dun p.

Do p = 10% + 7 1a s6 nguyén t6 nén ¢ = bP ~ 2%p (tinh bang phwong phap chia dé tri).

Budre 3. Két qua ctia p(n,k)%p 1a: (a.c)%p.

Do phuc tap thuat toan: 0(m.n).

Subtask 4:
m-1+k)m-2+k)..1+kk (m-1+k)!
n! =~ k-0

Taco: p(nk) =
Dé giam do phirc tap tinh toan ta tinh trudc 2 mang sau:

fcli] = i'%p, rfcli] = (fc[i])? ~2%p (véip = 10° + 7,i = 0,1,...,400000).
Khi do: p(n,k)%p = (fc[n -1 + k].rfc[n]%p).rfc[k — 1]%p.
Tham khéo code 101 giai mau dé biét cach cai dat thuat toan.

Do phuc tap thuit toan: O(m.(n + k)).

Bai 2. Gia tri nhé nhit (7 diém)
> Phan b diém
o (06 20% sb test tng véi 20% sd diém ctia bai c6 m,n < 30;
o (C620% sb test ung véi 20% $6 diém ctia bai co mn < 100;
e (06 30% sb test khic img v6i 30% sb diém cua bai co m,n < 300;
e C630% sb test con lai ing véi 30% s6 diém ctia bai c6 gidi han nhu dir kién bai ra.

> Hudéng din thuit toan

Subtask 1:
D@ thiy gié tri X cia mdi ludi 6 vudng con théa min yéu cau 1a gia tri cia mot 6 nam trong ludi 6
vuong con do. Vi vay ta dung 4 vong lap long nhau dé duyét vét can cac ludi 6 vuong con theo mo
ta cua bai toan dé tim két qua.
Do phirc tap thuat toan: 0(m.n.(h.w)?).

Subtask 2:
Cin cr vao tinh chat trung vi cua diy cac sd, ta dua cac gia tri ciia ludi 6 vudng con vao mang d[1..

L% , R . v £ A gy hwH 1l w1 . N
hw] va sap x¢&p theo thir tu khong giam thi s6 X can tim la d[—,—] (—;— 1a phép chia nguyén).

Do phtre tap thuét toan: O(m.n.h.w.log2(hw)).
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Subtask 3, 4:

Day chinh 1 bai toan tim trung vi ctia diy s ¢6 cac gia tri trong ludi 6 vudng con kich thude h x w,
khi sap xép cac sb nay theo thir tur khong giam. Ta thiy rang két qua ciia bai toan nam trong pham
vi tir [ = 0 dén r = 10° nén ta tim kiém nhi phén trén két qua trén doan nay.

X hw+1
Goid=—;
mid c6 la trung vi mot lu6i 6 vudng con kich thude h X w hay khong. Viéc lam nay dugc thuc hién
bang cach dém so lwong cac sd trong ludi nhé hon hodc bang k néu gia tri nay néu 16n hon hodc
bang d thi ta tra vé cho ham check(mid) gié tri 1a true, nguoc lai tra vé két qua false.

N P L+r A \ . X1 aR
, khi d6 v&i moi gia tri mid = —;— ta xdy dung ham check(mid) d¢€ kiém tra xem

Dé giam d6 phic tap tinh toan khi dém sb lugng cac sb trong ludi nhé hon hodc bang mid, ta can
tinh truoc todn mang cong don 2 chiéu s[.][.] nhu sau:

s[ilj] = s[i - 11[j] + s[i]llj - 1] = s[i - 1][j — 1] + (a[i][J] £ mid),Vi=1.m,j = 1.n.
Trong d6: s[0][j] = s[i][0],Vi = 0.m,j = 0..n.

Sau khi tinh xong méng s[.][.], ta dé dang tinh dugc sO lugng cac s6 trén ludi co gia tri nho hon hoic
bang mid bang ham

getsum(i,ju,v) = s[u][v] - s[i - 1][v] - s[u][j - 1] + s[i - 1][j - 1],
Vi (i), (w,v) 1an luot 1 6 trén trai, dudi phai cia ludi 6 vudng kich thude h X w dang xét.
Viéc cai dat ham check(mid) va tim kiém nhi phan két qua xin tham khao code 10i giai mau.

Do phirc tap thuat toan: 0(m.n.log2(10%)).

Bai 3. Truy van trén ciy (6 diém)

> Phan bo diém
o (06 30% sb test ing véi 30% sb diém ctia bai c6 1 < n,g < 7000;
e C6 25% sb test tng voi 25% s diém ciia bai ¢ truy van loai 1 véi [ = 0;
o (0 25% sb test khac img v6i 25% sb diém cua bai khong co truy van loai 3;
o C620% sb test con lai ing véi 20% s6 diém ctia bai c6 gidi han nhu dir kién bai ra.

> Hudéng din thuit toan
Ky thugt bién cdy thanh doan thing
Trén mot cdy, néu ta dfs cdy ndy va danh sb cac dinh theo thir tu ta thim thi khi d6, mdi mot cay
con ludn chtra cac nut cé nhan lién ti€p nhau. Do d6, cac bai truy van trén cay (ddc biét 1a trén cay
con goc u) s€ quy ve bai toan truy van trén doan thang va st dung CTDL BIT/IT.

Subtask 1:
Duyét do phtrc tap thuat toan: O(NQ).

Subtask 2:
| = 0= céc truy van lam tang mot lwong nhu nhau voi cac s0 trong mot doan lién tiép (cdy con goc
u tng vé1 mot doan lién t1ep trén day s6). Pay chinh 1a bai toan IT co ban: thao tac ting mot doan
L.r 1én x va tinh tong céac s tir [ t6i r.
Do phuc tap thuat toan: 0(Qlog2(N).

Subtask 3:

Nhdn xét: DJ tang cia gid tri cua mot dinh phu thude vao khodng céach tir dinh do té1 v (phu thude
vao dd cao cua dinh do trén cay). Mot nut u thudc cdy con goc v dugce tang 1én mot lugng bang
k - (high[u] - high[v]) *l = k + high[v] * | - high[u] * [
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Trong biéu thirc nay, phan k — high[v] * [ 1a c¢b dinh v6i moi dinh thudc cdy con goc v, phan
— highl[u] = [thity I¢ thuan v6i d6 cao cua nut u. Do do, ta dung 2 cay IT khac nhau d€ duy tri hai
dai luong nay: Mot cay IT dung d€ update lugng co dinh (k + high[v] * 1), cay IT con lai update
phan - L.
e Véitruy van update (v, k, 1): ITL.update(x..y, k + high[v] * D). IT2.update(x..y, - 1).
e Véitruy van get(v): IT1.get(v) + high[v] * IT2.get(v).
Do phuc tap thuat toan: 0(Qlog2(N).

Subtask 4

Y tuong gidi giai thuat nhu subtask 3: Ta chia phan thay d6i gia tri ciia mdi thao tac update ra lam 2
phan: phan tinh (thay d6i nhu nhau voi moi nut) va phan dong (phan ty 18 thuan véi chiéu cao cua
nat d6). Vi mdi phan, ta sir dung mot cdy IT/Segment Tree dé quan 1y phan do.

e IT1 (quan Iy phan tinh) gidng nhu loai Segment Tree quen thudc (ting doan L.r thém x, tinh tong
doan L.r).
e IT2 (quan Iy phan dong) 1a mot cay Segment Tree ma cé thé giai bai toan sau day:
Cho hai diy s ay, ay,..., a, va hy, hy,..., hy,. Can thuc hién 2 loai truy van sau:
o update lr x: tdng cac gia tri a;, a; 4 1, ..., 4, thém x.
o sumlr:tinhtonga; * hy + aj41 * hj41 + o + ay * hy.
Chii y: Day hy, hy,..., h,, khong bi thay ddi trong moi truy vén.
Nhén xét: IT1 c6 ban chat giéng IT2, néu nhu ta coi cac hésd hy = hy = .. = h, = 1.
IT lazy update (tong quat)
Xét bai toan co ban: Tang doan L.r 1én x va tinh tong doan L.
Y tu’frng
Vi sao can lazy update: Y twong cua cdy IT(segment tree) la moi nut trén cay quan ly doan L. nao
d6 va trén nut nay can luu lai tong gia tri cac phan tir tir [ t6i r ma né quan 1y.
Tuy nhién, trong trudng hgp xau, thao tic ting doan L.r 1én x c6 thé 1am anh huéng téi ca N phan
tor dan téi1 toan bd céc nut trén cay IT deéu phai thay doi (n€u khong c6 lazy update, moi nut trén cay
deéu luu lai tong céc so trong doan n6 quan 1y thi khi moi s6 dc tang x, moi nlt tuong Ung cling tang
theo). Lam cho vi€éc update s€ mat O(N).
Do d6, dé thao tac update chi mat do phirc tap 0(lo gN), ta khong thé cap nhat lai toan bo cay IT
dugc. Thay vao do, & moi nut, ngoéi thong tin "sum", ta con luu thém mot thong tin nita goi 1a "lazy",
vo1 muyc tiéu nhu sau: Gia tri "sum" ¢ mot nat trén cay IT ¢ thé khong phan anh tong thuc té cta
cac phan tir cua cay IT, nhung néu "gdp" sum & mot nut véi moi lazy ¢ cac nut la t6 tién cuia no, ta

s€ co duoc tong thue sy. Viée gop cac thong tin lazy tai cac t6 tién ctia mot nut 1 hoan toan thyc
hién dugc, vi dé di toi mot nat, ta can di tir goe, xudng dan ti nat do.

Cai dat:
Van d& kho nhét trong céc bai toan dung IT c6 lazy update la xac dinh cac thong tin dugc luu & moi
nut. Cac thong tin dugc luu & moi nat dugce chia lam 2 loai:
e Loai 1: Thong tin dang tich lity, dung dé tinh ra két qua ("sum" trong vi du trén)
e Loai 2: Thong tin lazy update, dung dé luu thong tin cac truy van cap nhat.
void pushDown(int 1, int 1, int r) {
intm=(>10+r)>>1;
sum|2 * i] +=lazy[i] * (m -1+ 1);
sum|2 * i+ 1] +=lazy[i] * (r - m);
lazy[2 * i] += lazy]i];
lazy[2 * i + 1] +=lazy][i];
lazyli] =0

——

Trang 5/7



// truy van ting doan u..v thém c, dang xét nut i ciia cay IT quan Iy doan L..r
void update(int i, int I, int r, int u, int v, int ¢) {

}

// néu doan .., u..v khong tdn tai hodc hai doan nay khong giao nhau
if(I>v|r<u|1>r] v<u)return;

// néu 1..r nam trong u..v (moi phan tir thudc doan 1..r déu bi thay doi)
iflu<=1&&r<=v){

sum[i] +=(r-1+1) * ¢;

lazyli] +=c;

return;

pushDown(i, 1, r);

// goi dé quy xudng 2 con dé cap nhat
mtm=(1+r)>>1;

update(2 * 1, I, m, u, v, ¢);

update(2 *1+ 1, m+ 1, r,u, v, ¢);

// tong nut i bang tong con trai cong tong con phai
sum[i] =sum|[2 * i] + sum|2 * i+ 1];

// truy van tinh tong doan u..v, dang xét nut i cua cdy IT quan 1y doan L..r
int getSum(int 1, int 1, int r, int u, int v) {

}

Trong doan code phia trén, cac phan in nhat 1a phan giéng nhau voi moi bai IT lazy update (Iudn co
3 ham pushDown, update, get). Chi c6 cac phan dugc to6 dam 1a khac nhau tuy vao bai st dung IT

// néu doan l..r, u..v khong ton tai hodc hai doan nay khong giao nhau
if(I>v|r<u||l>r] v<u)return 0;

// néu 1..r ndm trong u..v (moi phan tir trong doan L..r déu dem vao tong)
if (u<=1&& r <=v) return sum|[i];

pushDown(i, 1, r);

// goi & quy xudng 2 con dé tinh tong
mtm=(1+r)>>1;

int L =getSum(2 *1, I, m, u, v, ¢);
intR=getSum2 *i+1,m+1,r,u,v,c);

return L + R;

lazy update vao muc dich gi.
Céc phan t6 ddm khac nhau:

Ham pushDown: ding dé day thong tin lazy update tir trén xuéng dudi. Trong cac bai khac
nhau, cac thong tin can lyu & moi nut trén cay IT khac nhau, do d6 ham lazy update nay ciing
khac nhau.
Trong ham update, phan truong hop doan 1..r nam hoan toan trong doan u..v: Phan nay mang
y nghia 1a néu moi phan tir trong nut bi cap nhat thi nat thay d6i nhu thé nao.
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e Trong ham update, cap nhat thong tin tir con 1én cha (sum[i] = sum[2 * i] + sum[2 * 1 + 1]):
d6i khi con dugce goi la pushUp.
e Trong ham get, phan gdp thong tin két qua tir hai nat con (return L + R).
Do §I(’), khi lam mdt bai stir dung IT lazy update, sau khi xac dinh cac loai truy van can dugce hd tro,
ta can trd 101 cac cau hoi sau:
1. Céc thong tin duoc luu & modi nit cuia cay IT 1a gi. Trong cac thong tin d6, thong tin nao thudc
loai 1, thong tin nao thudc loai 2.
2. Ham pushDown d}rqc viét nhu thé nao (cac thong tin loai mot dugc cap nhat dua trén thong
tin loai hai nhu thé nao).
3. Céac phan mau do trong doan code phia trén can viét nhu thé nao.
Quay trd lai phan subtask 4, cai IT2:
1. Céc thong tin can luu & cac nat gom:
e Tonghé séh & cac vi tri duge quan 1y ("sumH") - Loai 1
o Tong gia tri & cac vi tri dugc quan 1y - Loai 1
e Lazy update: lugng duoc ting thém & mdi vi tri thudc doan dang quan 1y - Loai 2
2. pushDown
void pushDown(int i) {
sum|2 * i] +=lazy[i] * sumH]|2 * i];
sum|2 * i+ 1] +=lazy[i] * sumH][2 * i+ 1];
lazy[2 * i] += lazy][i];
lazy[2 * i + 1] +=lazy][i];
lazyli] = 0;
} N
3. Céc phan to dam khac:
e Khi mdt nut dugce tang thém c: sum[i] += ¢ * sumH[i]; lazy[i] += c;
e GOp thong tin tr hai con 1én cha: sum[i] = sum[2 * i] + sum[2 * 1+ 1];
e return L +R;
4. Chuy: do mang sumH la khong d6i va khong bi anh hudng trong moi truy van, nén ta c6 thé
tao ham init d¢ tinh trudc mang sumH nay.
void calcSumH(int i, int L, int r) {
if (1> r) return;

if(l==r){
sumH{[i] = h[l];
return;

}

intm=(0+r)>>1;
caleSumH(2 * i, 1, m);
calcSumHQ2 *i+1, m + 1, r);
sumH|[i] = sumH][2 * i] + sumH]|[2 * i+ 1];
}
Tham khéo code 10i giai mau dé xem cach cach dit.
Do phtc tap thuat toan: 0(Qlog2(N)).
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