SIROCCO CUP 2026 LO1 GIAI VA PHAN TiCH SUBTASK

SIROCCO CUP 2026 / CT2

Chuyén - bé 2

Thir Tw, 04/11/2026 - Online
180 pht - 4 bai - 400 diém

D6 thi, dir liéu trén cay va téi wu DP

Bai Tén bai Tag

A Chia domino D6 thi hai phia, Chu trinh, M6 hinh héa

B Cay khung OR nhé nhat Bitmask, DSU, Tham lam

C Mau néi troi Cay, DSU on tree, Dém tan suat

D Chia doan t8i wu Quy hoach déng, Chia dé tri, Clra s6 tan suat

Problemset trwc tuyén
https://codeforces.com/gym/729110/problems

Ngudi ra dé: Thai H6 Phu Gia 55
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SIROCCO CUP 2026 LO1 GIAI VA PHAN TiCH SUBTASK

CT2-A / KHAM PHA LO1 GIAI
A. Chia domino

D6 thj hai phia Chu trinh M6 hinh héa

PIEM MAU CHOT

Céc s6 |a dinh, domino |a canh; trong m&i nhdm, khéng cé hai canh chung dau mat.

Tl quan sat dén thuit toan

Néu a[i]=b[i], trd NO vi m6t nhdm s& 13p s& ngay trén quan dé. Néu mot s6 xuat hién hon hai lan, cling khéng
thé chia vao hai nhém. C6 2n [an xuat hién va chi n gid tri, nén trong treong hop khéng bi loai, moi gid tri xuat
hién dung hai lan.

DO thi trén cdc gia tri vi thé cé bac 2 & moi dinh, cé thé chira hai canh song song. Mdi thanh phan l1a mét chu
trinh. D& hai canh ké khac nhém, phai t6 canh xen k& quanh chu trinh; diéu nay lam dwoc khi va chi khi chu
trinh chan. Kiém tra d6 thi hai phia bang BFS 1a d0 trong do thij bac 2 nay.

Kiém tra bang vi du

Test dau: nhdm madt gom quan 1,3; nhém hai gdm quan 2,4. Test sau, moi quan d3 |3p s6 ngay trong ban than
no.
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SIROCCO CUP 2026 LO1 GIAI VA PHAN TiCH SUBTASK

CT2-A / CHU'NG MINH VA CAI PAT

Chia domino

Vi sao thuat toan dung?

Mbi s6 phai xuat hién nhiéu nhat mot [an & moéi nhém, nén diéu kién khdng khuyén va bac <2 13 can. Vi téng
bac bang 2n, tat ca bac budc bang 2. Trong mdt chu trinh 1&, td canh xen k& s& lam canh cudi va dau clng
nhém tai mot dinh, nén khdng thé. Chu trinh chan t6 xen k& dugc; thuc hién doc 1ap cho céc thanh phan sé
phan hét domino ma khéng 13p s8. Trong d6 thi bac 2, khéng ¢ chu trinh 1é tvong duong hai phia.

M3 gia

ok=true; degree[l..n]=0; adj empty
for each (u,v):
if u=v: ok=false
degree[u]++; degree[v]++
adj[u].push(v); adj[v].push(u)
if any degree[x]>2: ok=false
color[1l..n]=-1
for each uncolored vertex s:
color[s]=0; queue=[s]
while queue not empty:
u=pop_front(queue)
for v in adj[u]:
if color[v]=-1:
color[v]=color[u] xor 1; push(v)
else if color[v]=color[u]: ok=false
print YES if ok else NO

Do phurc tap

O(n) thoi gian va O(n) bo nhé mai test.

Cac 16i dé gap

* Kiém tra d6 thi hai phia don thuan la chwa d0 néu bo qua diéu kién bac.

* Hai quan gidng nhau c6 thé hop |&: hai canh song song tao chu trinh chan dai 2.

* Khéng can in céch chia; dau ra chi YES hodc NO.
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SIROCCO CUP 2026 LO1 GIAI VA PHAN TiCH SUBTASK

CT2-A / LO1 GIAI TUNG SUBTASK

Chia domino

Subtask Piém Gidi han b6 sung
1 30 t<5van<18.
2 70 Khéng cé gidi han bd sung.

Subtask 1 - 30 diém

Duyét 2”n cach gan quan vao hai nhdm. V&i mbi cach, danh dau cac gia tri trong tirng nhédm va loai ngay néu
lap.

DO phirc tap: O(2nx2”n) thoi gian, O(n) bd nha.

Subtask 2 - 70 diém
Loai khuyén, loai s& xuat hién trén hai [an; BFS t& hai mau d6 thi trén cac gié tri dé loai chu trinh 1é.

DO phtrc tap: O(2n) thoi gian, O(n) bd nha.
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SIROCCO CUP 2026 LO1 GIAI VA PHAN TiCH SUBTASK

CT2-B / KHAM PHA LO1 GIAI
B. Cay khung OR nhé nhét

Bitmask DSU Tham lam

PIEM MAU CHOT

Mudn mot bit cia OR bang 0 thi tat cd canh duoc chon déu phai cé bit d6 bang 0.

Tl quan sat dén thuit toan

B3t dAu bang mask c6 ca 30 bit thap bang 1. M6t canh w dwoc phép dung néu (w & mask)=w. Khi cac canh
dugc phép con lién thong, ching lubn chira mot cay khung.

Xét bit tir 29 xuéng 0. Thir xéa bit d6 khdi mask va dung DSU kiém tra lién théng chi véi canh con dwoc phép.
Néu lién thdng, gitr quyét dinh xda; néu khéng, khdi phuc bit. Tranh chi kiém tra riéng bit dang xét: phai git?
moi bit 0 d3 quyét dinh trwdc doé.

Ki€m tra bang vi du

Chon hai canh trong s 1 va 2 dugc OR bang 3. Hai cach chon con lai c6 OR lan lugt 1a 5 va 6.
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SIROCCO CUP 2026 LO1 GIAI VA PHAN TiCH SUBTASK

CT2-B / CHU’'NG MINH VA CAlI DAT

Cay khung OR nhé nhéat

Vi sao thuat toan dung?

Tai moi budrc, ton tai cay khung chi dung cac canh pht hop mask. N&u xda bit b ma van lién thong thi ton tai
cay c6 bit b bang 0 va tuan thi cac bit cao d3 chon; moi nghiém cé clng tién t6 bit cao nhwng bit b bang 1 déu
lén hon. Néu mat lién thong, khong cay khung nao cé thé dat bit b bang 0 trong cac rang budc trudce do.
Quyét dinh lan lvot tir bit cao téi thap do dé cho gia tri nhd nhat theo thi ty s6 nguyén.

M3 gia

mask=(1<<30)-1
for bit=29..0:

candidate=mask xor (1<<bit)

init DSU with n components

for each edge (u,v,w):

if (w & candidate)=w: unite(u,v)

if component_count=1: mask=candidate

print mask

Do phurc tap

0(30(m+n)a(n)) thoi gian mai test, O(m+n) bd nhd; a 1a ham nghich dao Ackermann ctia DSU.
Cac 16i dé gap

* Cay khung c6 téng trong s6 nhd nhat chua chiac cé OR nhd nhat.

e Phai kh&i tao lai DSU cho tirng mask thr.

e w < 1079 nén xét bit 29..0; khéng dung nham phép AND thay cho OR trong muc tiéu.
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SIROCCO CUP 2026 LO1 GIAI VA PHAN TiCH SUBTASK

CT2-B / LO1 GIAI TUNG SUBTASK

Cay khung OR nhé nhéat

Subtask Piém Gidi han b6 sung

1 20 t<10,n<8vam<15.

2 30 Moi trong s6 w < 31.

3 50 Khéng cé gidi han bd sung.

Subtask 1 - 20 diém
Th&r moi tip n-1 canh. Dung DSU kiém tra lién thong roi tinh OR; 13y gia tri nhd nhat.

B0 phtrc tap: O(tx2 mxmxa(n)) thoi gian; O(n+m) bd nhé.

Subtask 2 - 30 diém

Duyét mask tir 0 dén 31. V&i mdi mask, kiém tra lién thdng bang cac canh ¢ (w & mask)=w; mask kha thi dau
tién la dap an.

D6 phirc tap: O(32(m+n)a(n)) thai gian, O(m+n) bo nhé.

Subtask 3 - 50 diém
Tham lam xda tirng bit tir cao xuéng thap, kiém tra lién thdng dudi toan bd mask hién tai.

D6 phirc tap: O(30(m+n)a(n)) thoi gian, O(m+n) bo nho.
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SIROCCO CUP 2026 LO1 GIAI VA PHAN TiCH SUBTASK

CT2-C / KHAM PHA LO1 GIAI
C. Mau nai troi

Cay DSU on tree Dém tan suat

PIEM MAU CHOT

Cac cay con chong |3p rat nhiéu; gitr dit liéu cta con |&n dé tranh dém lai toan bo.

Tl quan sat dén thuit toan

Tién x( ly size[u], con nang heavy[u], th& tu Euler tin[u]..tout[u]. Khi thém mét dinh mau x, tang cnt[x]. Néu
cnt[x]>best, gan best=cnt[x], sum=x; néu bang best, cdng x vao sum.

Ham solve(u,keep): xr ly cdc con nhe véi keep=false; x{r ly con ndng v&i keep=true. Sau d6 dit liéu dang chira
ddng cay con ndng. Thém moi dinh trong cac cdy con nhe bang doan Euler va thém u. Lvu ans[u]=sum.

Néu keep=false, xda toan bo tan suat cla cay con u roi dit best=sum=0. Tai thoi diém nay bd dém chi chira
cay con u, nén cé thé reset thang, khdng phai tim lai mau nhiéu nhat sau tirng lan xéa. Trién khai bang ngin
x€p su kién néu mudn tranh tran stack & cay day.

Ki€m tra bang vi du

Moi mau & gdc cung xuat hién mot [an nén téng |a 10. Cay con dinh 2 ¢6 cdc mau 2,3,4 nén tdng 13 9.
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SIROCCO CUP 2026 LO1 GIAI VA PHAN TiCH SUBTASK

CT2-C / CHU'NG MINH VA CAI PAT
Mau noi troi

Vi sao thuat toan dung?

Theo quy nap, mdi lan lwu ans[u], dit liéu con nang da ding, dit liéu con nhe cii d3 dwoc xda, roi toan bo cay
con nhe va u dugc thém ding mot [an. Do dé cnt md ta chinh xac cay con u. Quy tdc cap nhat best,sum giit
téng cla dlng cdc mau cd tan suit Idn nhat. Mét dinh chi bi thém lai khi né thudc nhanh nhe; di lén qua mot
canh nhe lam kich thuéc cay con tang it nhat gdp déi. Moi dinh vi thé chiju O(log n) an thém/xda.

M3 gia

solve(u, keep):
for light child v: solve(v,false)
if heavy[u] exists: solve(heavy[u],true)
for light child v:
for x in Euler subtree(v): add(c[x])
add(c[u]); ans[u]=sum
if not keep:
for x in Euler subtree(u): cnt[c[x]]-=1
best=0; sum=0

add(x):
cnt[x]+=1
if cnt[x]>best: best=cnt[x]; sum=x
else if cnt[x]=best: sum+=x

solve(l,true); print ans[1..n]

Do phurc tap

O(n log n) th&i gian, O(n) bd nhé vai DSU on tree va mang tan suat. Téng mau dung 64 bit.
Cac 16i dé gap

* Cong ma mau, khdng céng sé dinh hay téng tan suét.

e Chi reset best,sum khi toan bd dit liéu hién tai d3 bj xda.

 Cay day 1075 dinh can lwu y gidi han stack; DFS l3p x& ly dwoc.
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SIROCCO CUP 2026 LO1 GIAI VA PHAN TiCH SUBTASK

CT2-C / LO1 GIAI TUNG SUBTASK

Mau noi troi

Subtask Piém Gidi han b6 sung

1 30 n < 2000.

2 20 Caccanhla(i,i+1),1<i<n.
3 50 Khéng cé gidi han bd sung.

Subtask 1 - 30 diém

V&i tirng v, duyét riéng cay con v, d€m mau va tinh téng cdc mau cd tan suat Ién nhat.

DO phirc tap: O(n?) thai gian, O(n) bd nhd.

Subtask 2 - 20 diém

Cay con v chinh 13 hdu té v..n. Quét v tir n vé 1, thém c[v] vao bé dém va cap nhat best,sum; lwu két qua ngay.
D6 phirc tap: O(n) thoi gian, O(n) bd nhao.

Subtask 3 - 50 diém

DSU on tree gitt cdy con nang, thém lai cac cay con nhe va chi xda khi keep=false.

D6 phirc tap: O(n log n) thoi gian, O(n) b6 nhé.
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SIROCCO CUP 2026 LO1 GIAI VA PHAN TiCH SUBTASK

CT2-D / KHAM PHA LO1 GIAI
D. Chia doan t6i wu

Quy hoach dong Chia dé tri Clra s6 tan suat

PIEM MAU CHOT

DP chon vj tri cat; chi phi d€m cip cho phép dich clra s6 nhanh va vi tri cat t8i wu cé tinh don diéu.

Tl quan sat dén thuit toan

DPat C(I,r)=>_x cnt[x](cnt[x]-1)/2. D[j][i] |a chi phi nhé nhat chia i phan t&r dau thanh j doan.
D[j][i]=min(D[j-1][p]+C(p+1,i)) v&i j-1 < p < i. Kh&i tao D[0][0]=0, cac trang thai khac la INF.

Chi phi théa bat dang thirc Monge: C(a,c)+C(b,d) < C(a,d)+C(b,c), v&ia < b < c < d. Hiéu v& phai trir vé trai
chinh 13 s6 cdp bang nhau c6 mot dau trong [a,b-1], dau kia trong [c+1,d], nén khdng 4m. Do dd vi tri cat tdi
wu nhé nhat opt[j][i] khéng giam theo i.

Tinh mot hang DP bang chia dé tri. Tai mid, thr p trong pham vi optL..min(mid-1,0ptR), réi dung vj tri t&t nhat
dé thu hep hai nlra. Duy tri C bang clra s6 [L,R]: thém x lam cost ting cnt[x] trwdc khi ting cnt; xda x thi gidm
cnt trudce, sau d6 trir ent[x] khai cost. Khdng khéi tao lai clra s6 cho tirng p.

Khai tao clra s6 rong mot 1an cho mdi hang DP. Vé&i cach duyét dé quy va quét tng vién tang dan, téng dich
hai dau trén moi murc chia dé tri 1a O(n), nén mdi hang tén O(n log n). Chi can gilr hang trudc va hang hién tai.

Ki€m tra bang vi du
Chia [1] | [1,3] | [3,3,2,1]. Chi doan cu6i cé mét cip bang nhau.
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SIROCCO CUP 2026
Algo

CT2-D / CHUNG MINH VA CAI BAT

Chia doan tdi wu

Vi sao thuat toan dung?

LO1 GIAI VA PHAN TiCH SUBTASK

Cong thirc DP xét doan cudi clla moi cach chia va khong bd sét cach ndo. Tinh Monge dan téi tinh don diéu
clia nghiém t6i wu: néu hai vj tri t8i wu dao th ty, ap dung bat dang thirc cho hai doan cudi s& ddi chéo
ching ma khéng tang tong chi phi; khi hoa chon vi tri nho nhat, khong thé giltt mot nghich thé. Vi vay pham vi
chia dé tri luén chita it nhat mot nghiém tdi wu. Clra s6 tan suat tinh ding C vi mdi cdp dwoc thém khi dau

mut sau cung vao ctra s6 va bi x6a khi modt dau mut ra ngoai.
~ . ?
Ma gia

prev[0]=0; prev[1l..n]=INF

for j=1..k:
cur[@..n]=INF; reset_window()
calc(j,n,j-1,n-1)
prev=cur

print prev[n]

calc(lo,hi,optL,optR):
if lo>hi: return
mid=(lo+hi)//2; bestP=-1
for p=optL..min(mid-1,0ptR):
move_window(p+1,mid)
if prev[p]+cost < cur[mid]:
cur[mid]=prev[p]+cost; bestP=p
calc(lo,mid-1,o0ptL,bestP)
calc(mid+1,hi,bestP,optR)

Do phurc tap

O(kn log n) thoi gian, O(n) bd nhd; chi phi, INF va DP dung sé nguyén 64 bit.

Cac 16i dé gap

* Phai chia dung k doan khoéng réng, nén p<mid va p2j-1.

* Khi xéa x: giam cnt[x] trudc réi méi trir vao cost.

* Khéng dung n? 6 chi phi & full test; clra sé thay thé bang chi phi.

* Gilt lwa chon nhé nhat khi hoa dé dién giai opt don diéu nhat quan.
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SIROCCO CUP 2026 LO1 GIAI VA PHAN TiCH SUBTASK

CT2-D / LO1 GIAI TUNG SUBTASK

Chia doan tdi wu

Subtask Piém Gidi han b6 sung

1 20 n<18.

2 30 n < 2000.

3 50 Khéng cé gidi han bd sung.

Subtask 1 - 20 diém
Duyét cac tap k-1 diém cat trong n-1 khe. Tinh chi phi tirng doan bang bd d&m rdi 18y tdng nhoé nhat.

D6 phirc tap: O(nx2/(n-1)) thai gian la can trén; O(n) b nha.

Subtask 2 - 30 diém

DP O(kn?): v&i mdi hang j va dau phai i, quét p tir i-1 gidm vé j-1, thém a[p+1] vao bo dém dé tinh C(p+1,i)
trong O(1) mdi budc. Khdng can lwu bang chi phi.

DO phirc tap: O(kn?) thoi gian, O(n) bd nha.
Subtask 3 - 50 diém
Dung tinh Monge, chia dé tri m6t hang DP va clra s6 tan suat dé tinh chi phi dong nhu 10i gidi day dd.

D6 phirc tap: O(kn log n) thai gian, O(n) bd nho.
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