BO 10 BAI TAP LCA

Lowest Common Ancestor - Binary Lifting - Ung dung trén céy

Danh sach bai

# Ma bai Tén bai Ky thuat chinh

01 BAIO1 LCA CO BAN T4 tién chung gan nhét | LCA co ban

02 BAI02_KHOANG_CACH_CAY Khodng cach trong cady | LCA + depth

03 BAIO3_DEM_DINH _TREN_DUONG DI Dém dinh trén dwong di | LCA + difference

04 BAIO4_TRUY_VAN_DUONG_DI_CO_TRONG_SO | DIST va KTH Weighted LCA

05 BAIO5 MIN_MAX CANH TREN DUONG DI Min/max canh Binary lifting mé rong

06 BAIO6_DEM_LUOT_QUA_CANH Dém lwot qua canh Difference trén canh

07 BAIO7_HO_HANG_CUNG_DOI Ho hang cung doi Forest + Euler +

ancestor

08 BAIO8 PHONG CAN BANG Phong can bang LCA + subtree size

09 BAI0O9 GIAO DOAN DUONG DI Giao doan dwong di Giao path trong cay

10 BAI10_MST_CHO_TUNG_CANH MST bét budc chira Kruskal + max edge
canh LCA

Nguén tham khao y twéng

Bai 01. T6 tién chung gan nhat
Ma thw muc test: BAIO1_LCA_CO_BAN | Mdrc do: Co ban

Nguén cam hirng: CSES Company Queries Il - https://cses fi/problemset/task/1688/

Muc tiéu kién thirc: hiéu dinh nghia LCA, tién xt ly depth/parent, binary lifting.

Dé bai
Mot cong ty cé n nhan vién tao thanh cay géc tai nhan vién 1. V&i méi truy van u, v, hay in ra nhan vién cap
thap nhét vira la cap trén truc tiép hodc gian tiép cla u, vira la cép trén truc tiép hodc gian tiép cla v.

Input
Dong 1: n q. Dong 2: n-1 56 p2, p3, ..., pn, trong d6 pi la cha trwc tiép cda i. Sau d6 q dong, mdi dong gébm u v.

Output
In g dong, méi dong la LCA(u, v).

Rang budc dé xuat

e 1<=n,q<=2*10%5 trong phién ban day du.

e 1<=pi<i;caycégbc1.

o BO test di kém dung quy mé ti rat nhé dén trung binh dé luyén va kiém tra 16i bién.

Subtasks va bo test

e Subtask 1, test01-test05: n, g <= 10.

e Subtask 2, test06-test10: cay chain/star/binary, n <= 80.
e Subtask 3, test11-test15: cay ngau nhién, n <= 300.

e Subtask 4, test16-test20: di¥ liéu I&n hon, n <= 1200.
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Trong goi test, mdi bai co dung 20 cap file .in/.out. File test_plan.csv trong thu muc bai ghi ré subtask, tén file
va mo ta div liéu.

Vi du ty tao
Input

22

VR U R RRUV
NRDRURBRWV

Output

NRNR R

Goi y thuat toan
e DFS/BFS tr gbc dé tinh depth va up[u][0].

 Xay bang up[ul(i] = up[up[u](-111(-1]- ‘ ,
e Khi trd I1&i, nang node sau hon I1én cung dd sau réi nang ca hai tir buée Ién xudng nhd.

Bai 02. Khoang cach trong cay
Ma thw muc test: BAI02_KHOANG_CACH_CAY | Mtrc d6: Co ban + cong thirc

Nguén cam hirng: CSES Distance Queries - https://cses fi/problemset/task/1135/
Muc tiéu kién thirc: dung LCA dé tinh sb canh trén dwong di gitva hai dinh.

Dé bai
Cho cay vé hwdng gdm n dinh. M&i truy van u, v hdi khoang cach gitra u va v, ttrc sé canh trén duwdng di don
duy nhét néi hai dinh.

Input
Dong 1: n q. Tiép theo n-1 dong 1a cac canh u v. Sau d6 q dong truy van u v.

Output
In g dong, mdi dong la dist(u, v).

Rang budc dé xuat

e 1<=n,q<=2*10"5 trong phién ban day du.

e Cay lién thdng, khdng co chu trinh.

e Khodang céach tinh theo sb canh, khéng c6 trong sb.

Subtasks va b0 test

e Subtask 1, test01-test05: di¥ liéu nhé.
e Subtask 2, test06-test10: chain/star/binary.
e Subtask 3, test11-test15: cay ngau nhién.
e Subtask 4, test16-test20: di¥ liéu I&n hon va c6 nhiéu truy van 13p.
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Trong goi test, mdi bai co dung 20 cap file .in/.out. File test_plan.csv trong thu muc bai ghi ré subtask, tén file
va mo ta div liéu.

Vi du ty tao
Input

A POARPRRFRPRWNNRRERO
abhuuoarooUVhA,wNDWU

Output

PO PADNMNO

Goi y thuat toan

e Tinh depth[u] cho moi dinh.

o dist(u, v) = depth[u] + depth[v] - 2*depth[LCA(U, V)].
e Do phirc tap tét: O(n log n + q log n).

Bai 03. Dém s6 dwong di di qua moi dinh
Ma thw muc test: BAIO3_DEM_DINH_TREN_DUONG_DI | Mdrc dd: Trung binh

Ngudn cam hirng: CSES Counting Paths - https://cses.fi/problemset/task/1136/

Muc tiéu kién thirc: két hop LCA v&i ki thuat cong don trén cay.

Dé bai
Cho cay n dinh va m dwéng di, méi dwéng di dwgrc mo ta béi hai ddu u, v. V&i mbi dinh x, hdy dém co6 bao
nhiéu dwong di trong m dwdng di chira x.

Input
Dong 1: n m. Tiép theo n-1 ddng canh u v. Sau d6 m dong, mbi dong u v mé ta mot dwong di.

Output
In mét dong gdm n sb: dap an cha cac dinh 1, 2, ..., n.

Rang budc dé xuat

e 1<=n, m<=2*105 trong phién ban day du.

e Céac duong di cé thé trung nhau hodc cé hai dau gibng nhau.
e Céan dung sb nguyén da Ién néu m Ion.

Subtasks va b0 test
e Subtask 1, test01-test05: kiém tra dwéorng di rit ngédn va u = v.
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e Subtask 2, test06-test10: cay dac biét.
e Subtask 3, test11-test15: cay ngau nhién trung binh.
e Subtask 4, test16-test20: nhiéu dwéng di hon.

Trong goi test, mdi bai co6 dung 20 cap file .in/.out. File test_plan.csv trong thw muc bai ghi ré subtask, tén file
va mo ta div liéu.

Vi du ty tao
Input

WO RRFPRWNNERERPRO
NwWUOR OOV WNDWUV

Output

424013
Goi y thuat toan
e V&i mbi dwdng u-v, dat add[u]++, add[v]++, add[lca]--, add[parent[Iica]]--.

e Duyét hau tw dé cbng gia tri tr con Ién cha.
e Sau khi cong don, gia tri tai dinh x la sb dwéng di chira x.

Bai 04. Cay c6 trong so: DIST va KTH
Ma thw muc test: BAI0O4_TRUY_VAN_DUONG_DI_CO_TRONG_SO | Mudrc dd: Trung binh

Nguén cam hirng: SPOJ QTREE?2 - https:/www.spoj.com/problems/QTREE2/

Muc tiéu kién thire: LCA trén cay trong s, tdng khodng cach va tim dinh the k trén dwdng di.

Dé bai
Cho cay vé hwéng c6 trong sb canh. C6 hai loai truy van: DIST u v héi tng trong sb trén dwéng di u-v; KTH u
v k héi dinh thir k trén dwéng di tlr u dén v, tinh u 1a dinh thr 1.

Input
Dong 1: n q. Tiép theo n-1 dong u v w. Sau d6 q dong, méi dong la DIST u v hodc KTH u v k.

Output

V&i mébi truy van, in mot dong 1a dap an twong tng.
Rang budc dé xuat

e 1<=n,q<=10"5 trong phién ban day du.

o 1<=w<=10"9.
e V&iKTH, ludn c6 1 <= k <= s6 dinh trén dwéong di u-v.
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Subtasks va b0 test

e Subtask 1, test01-test05: cay nho, cé ca DIST va KTH.
e Subtask 2, test06-test10: cay dang chain/star/binary.

e Subtask 3, test11-test15: cay ngau nhién.

e Subtask 4, test16-test20: truy van hén hop nhiéu hon.

Trong goi test, mdi bai co6 dung 20 cap file .in/.out. File test_plan.csv trong thu muc bai ghi ré subtask, tén file
va mo ta div liéu.

Vi du ty tao
Input

8

10
94
51

3 162
KTH 1 6 2
DIST 3 4
DIST 6 2
KTH 5 6 3
DIST 5 1

Output

NNR RO
auvihwNwu

3
112
180
1
59

Go'i y thuat toan

e Luwu distRoot[u] 14 tdng trong sb tir gbc dén u.

e DIST(u, v) = distRoot[u] + distRoot[v] - 2*distRoot[Ica].

e D& tim KTH, tach dudng di u -> Ica -> v; néu k nam nira trén thi climb tir u, nguoc lai climb tir v.

Bai 05. Canh nhe nhat va niang nhat trén duong di
Ma thw muc test: BAIO5_MIN_MAX_CANH_TREN_DUONG_DI | Mcrc do: Trung binh

Nguén cam hirng: SPOJ DISQUERY - https://www.spoj.com/problems/DISQUERY/

Muc tiéu kién thirc: mé rong binary lifting dé lu min/max canh khi nhay.
Dé bai
Cho cay cd6 trong sb. M&i truy van u, v yéu cau tim trong sé canh nhd nhét va Ién nhat trén dwéng di u-v. Néu u

=v,quy wocdap anla00.

Input
Dong 1: n q. Tiép theo n-1 dong u v w. Sau d6 q dong truy van u v.

Output
In g dong, méi dong gébm hai s minEdge maxEdge.
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Rang budc dé xuat

e 1<=n,q<=10"5 trong phién ban day du.
o 1<=w<=10"0.

e Cay lién théng, khong cé canh ty ndi.

Subtasks va bo test

e Subtask 1, test01-test05: nhd, cé trwong hop u = v.

e Subtask 2, test06-test10: dang cay dac biét.

e Subtask 3, test11-test15: ngau nhién trung binh.

e Subtask 4, test16-test20: nhiéu truy van va trong s da dang.

Trong goi test, mdi bai co6 dung 20 cap file .in/.out. File test_plan.csv trong thw muc bai ghi ré subtask, tén file
va mo ta div liéu.

Vidu tv tao
Input

5

2 87
3771
4 738
561
183

AR P WNNERERPRO

00

183 771
87 771
87 771
87 771

Go'i y thuat toan

o Ngoai up[u][j], lwu mn[u][j] va mx[u][j].

e Khi nang mét dinh 1én 2%j bwéc, cap nhat min/max theo doan nhay doé.
e Tra l&i nhw LCA thwdng, nhuwng ghép két qué min/max tir hai phia.

Bai 06. Dém lwot sir dung tirng canh
Ma thw muc test: BAIO6_ DEM_LUOT_QUA _CANH | Mcrc do: Trung binh

Nguén cam hirng: Codeforces 191C - Fools and Roads - https:/codeforces.com/problemset/problem/191/C

Muc tiéu kién thire: ky thuat difference trén canh két hop LCA.

Dé bai
Cho cay gébm n dinh va m chuyén di. M&i chuyén di tr u dén v di theo dwérng don trong cay. Véi tirng canh
theo th& tw nhap, hay dém sb chuyén di di qua canh dé.

Input
Dong 1: n m. Tiép theo n-1 dong la canh u v theo thir tw danh sb 1..n-1. Sau d6 m dong u v.
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Output
In mét dong gdm n-1 s6, sb thir i la sé chuyén di qua canh thi i.

Rang budc dé xuat

e 2 <=n <=2%105 trong phién ban day du.
e 0<=m<=2"10"5.

e Dap an cé thé Ion, dung kiéu int64 khi can.

Subtasks va bo test

e Subtask 1, test01-test05: nhd, c6 chuyén u = v.
e Subtask 2, test06-test10: chain/star/binary.

e Subtask 3, test11-test15: cay ngau nhién.

e Subtask 4, test16-test20: nhiéu chuyén di hon.

Trong géi test, mdi bai co6 dung 20 cap file .in/.out. File test_plan.csv trong thu muc bai ghi rd subtask, tén file
va mo ta div liéu.

Vidu tv tao
Input

WNORPR P WNMNNRERERO
wWNUVOORrR OOV, WN WUV

Output

12012

Go'i y thuat toan

o V6i chuyén u-v, dat difffu]++, difffv]++, difffica]-=2.

e CoOng dbn hau tw: gia tri tai con x chinh 1a sé 14n canh parent[x]-x dwoc di qua.
e Canlwu id canh ndi méi dinh véi cha dé in dung the tw nhap.

Bai 07. Ho hang cung doi
Ma thw muc test: BAI0O7_ HO_HANG_CUNG_DOI | Mirc dé: Kha

Nguén cam hirng: Codeforces 208E - Blood Cousins - https:/codeforces.com/problemset/problem/208/E

Muc tiéu kién thirc: binary lifting trong rirng cay, Euler tour va dém theo dd sau.

Dé bai
Cho rirng gia pha n nguoi, mdi ngudi cé tdi da mot cha. Truy van v k hdi cé bao nhiéu ngudi khac v cé cung td
tién bac k véi v. Néu v khoéng ¢ td tién bac k, dap an 1a 0.

Input
Dong 1: n q. Dong 2: n sé p1..pn, pi = 0 néu i 1a gbc, nguoc lai pila cha cta i. Sau d6 q dong v k.
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Output
In g dong, méi dong la sb nguwdi khac v théa man.

Rang budc dé xuat

e 1<=n, q<=10"5 trong phién ban day du.
e Quan hé cha-con khéng tao chu trinh.

e kcothélén hon do sau cia v.

Subtasks va bo test

e Subtask 1, test01-test05: rirng nhd.

e Subtask 2, test06-test10: dang chain/star/binary.
e Subtask 3, test11-test15: rirng ngdu nhién.

e Subtask 4, test16-test20: nhiéu truy van hon.

Trong géi test, mdi bai co6 dung 20 cap file .in/.out. File test_plan.csv trong thu muc bai ghi rd subtask, tén file
va mo ta div liéu.

Vidu tv tao
Input

1223

AONPRFPONITO O
NWNURRRO

Output

NOOORrO®

Go'i y thuat toan

e Dung binary lifting dé tim t4 tién bac k cta v.

e DFS Euler tour cho tirng cay trong rirng; Iwu tin/tout va depth.

e Vi td tién a, d&m sb node & depth[v] cé tin nam trong doan subtree(a), rdi trir 1 cho chinh v.

Bai 08. Phong can bang
M3 thw muc test: BAIO8_ PHONG_CAN_BANG | Mc dé: Kha

Nguén cam hirng: Codeforces 519E - A and B and Lecture Rooms -
https://codeforces.com/problemset/problem/519/E

Muc tiéu kién thirc: dém sb dinh cach déu hai dinh bang LCA va kich thuwéc subtree.
Dé bai
M6t tda nha cé n phong tao thanh cay. V&i méi truy van u, v, hdy dém sb phong x sao cho khoang cach ti x

dén u bang khoang cach tir x dén v.
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Input
Dong 1: n q. Tiép theo n-1 dong canh u v. Sau d6 q dong u v.

Output
In g dong, mdi dong la sb phong théa man.

Rang budc dé xuat

e 1<=n, q<=10"5 trong phién ban day da.
e Khoang céach la sb canh.

e Néu u = v thi moi phong déu théa man.

Subtasks va bo test

e Subtask 1, test01-test05: nhd, co u = v.

o Subtask 2, test06-test10: cay dac biét.

e Subtask 3, test11-test15: cay ngau nhién.

e Subtask 4, test16-test20: di¥ liéu I&én hon nhwng van phu hop luyén tap.

Trong goi test, mdi bai co6 dung 20 cap file .in/.out. File test_plan.csv trong thu muc bai ghi ré subtask, tén file
va mo ta div liéu.

Vidu tv tao
Input

R ORRWNNRERO®O
wuoaroaudwNw

IS

Output

PrORPRFRLRO

Goi y thuat toan

e Néu dist(u, v) 1& thi dap an bang 0.

e Néuu=v thi dap an bang n.

e Khi dist chdn, tim dinh gitra dwong di; dung kich thwéc subtree dé loai hai nhanh dan vé u va v.

Bai 09. Giao doan duwdng di t6i da
Ma thw muc test: BAIO9_GIAO_DOAN_DUONG DI | Mirc do: Kha

Nguén cam hirng: Codeforces 832D - Misha, Grisha and Underground -
https://codeforces.com/problemset/problem/832/D

Muc tiéu kién thire: phan tich giao clia cac dwérng di trong cay bang LCA.
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Dé bai
Cho cay n dinh. Méi truy van gém ba dinh a, b, c. Ta chon mét trong ba dinh lam f, mét dinh lam s va dinh con
lai lam t. Gia tri cGa cach chon la s dinh chung gitra dwong di s-f va dwong di t-f. Hay in gia tri I6n nhat co thé.

Input
Dong 1: n q. Tiép theo n-1 dong canh u v. Sau dé g dong a b c.

Output
In g dong, méi dong l1a sb dinh chung I&n nhét.

Rang budc dé xuat

e 2<=n, q<=10"5 trong phién ban day du.
e Badinh trong truy van c6 thé trung nhau.
e Dap an tinh s6 dinh, khéng phai sé canh.

Subtasks va b0 test

e Subtask 1, test01-test05: nhd, dé kiém tra bang tay.
o Subtask 2, test06-test10: cay dac biét.

e Subtask 3, test11-test15: cay trung binh.

e Subtask 4, test16-test20: nhiéu truy van hon.

Trong géi test, mdi bai co6 dung 20 cap file .in/.out. File test_plan.csv trong thu muc bai ghi ré subtask, tén file
va mo ta div liéu.

Vi du tv tao
Input

NUUVRAROAWNNERO
PUuuvurwoubhwNnog

4
1
6
1
6

645

Output

4

3

5

3

4

4

Go'i y thuat toan

e Th ba lwa chon f: a, b, c.

e V&imbilwa chon, dd dai phan giao c6 thé suy ra tir cac LCA cla cap dinh va cong thirc khodng céach.
e M0t cach kiém tra: node x nam trén path(u, v) khi dist(u,x)+dist(x,v)=dist(u,v).
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Bai 10. Cay khung nhé nhat bat budc chira tirng canh
Ma thw muc test: BAI10_ MST_CHO_TUNG_CANH | Mdrc dd: Nang cao

Ngudn cam hirng: Codeforces 609E - Minimum Spanning Tree for each edge -
https://codeforces.com/problemset/problem/609/E

Muc tiéu kién thirc: Kruskal + LCA lwu canh I&n nhét trén dwdng di trong MST.

Dé bai
Cho d6 thj vé hwéng lién théng cé trong sb. Vi tivng canh e theo thir tw nhap, hay tim tdng trong sb nhé nhéat
ctia mot cay khung bat budc chira canh e.

Input
Dong 1: n m. Tiép theo m dong u v w 1a cac canh theo the tw 1..m.

Output
In m dong, dong i la dap an cho canh thi i.

Rang budc dé xuat

e 1<=n<=2%10"5, n-1 <= m <= 2*10"5 trong phién ban day du.
e D6 thjlien thong, khong can xét canh ty néi.

e Trong s dwong, c6 thé cé nhiéu canh cung trong sb.

Subtasks va b0 test

e Subtask 1, test01-test05: dd thi rat nho.

e Subtask 2, test06-test10: db thi vira, nhiéu canh ngoai cay.
e Subtask 3, test11-test15: dd thi trung binh.

e Subtask 4, test16-test20: dd thi I&n hon trong bd luyén tap.

Trong goi test, méi bai co dung 20 cap file .in/.out. File test_plan.csv trong thu muc bai ghi rd subtask, tén file
va mo ta div liéu.

Vi du tv tao
Input

250
566
827
631
821
512

Output

R NWNNRE WUV
whbhbwunNna

1959
1959
2274
1959
2149
1959

Go'i y thuat toan
e Dung Kruskal d& xay mot MST va tinh tdng W.
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e V&i canh ngoai MST (u,v,w), khi thém vao MST sé tao chu trinh; bd canh I&n nhét trén dwéng u-v trong
MST.
e Dap an =W +w - maxEdgeOnPath(u, v). V&i canh thuéc MST, cdng thirc van cho W.
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