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Bang xép hang chung cudc

RK TEAM SLV. TIME
1 map @ 1 100
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A

L&i giai: Nguyén Diép Xuan Quang (HCMUS - Intimidate)

Ki hiéu
e E(X) la gia tri ki vong cta bién ngau nhién X
e Pr{X}laxac suat dé xay ra bién cd X

Y twéng
O mot thoi diém bat ki, gid st ta da dat K vién da (ttee 1a da x& |i K truy van loai 1). Goi b, la chi
sb hop ma vién da thir x dwoc dét vao.

Trwdc hét, ta xem céc truy van “1 u v’ déu c6 u = v (tlrc 1a b, s& ludn nhan dwgc mot gia tri cd
dinh, thay vi nhan mét gia tri ngau nhién). Khi dé, véi chiéc hop tha i, gia tri a? (binh phuwong sb
vién da dwoc dat vao hop i) chinh Ia sé cap chi sb (x, y) v&i 1 < x, y < K sao cho ca hai vién da x
N
va y déu nam trong hop i. Do do, gia tri 4 = ¥ a2 chinh la s6 cap vién da (x, y) nam cung mét
=1

hop.

Tré lai v&i bai toan ban dau. Dé tinh gia tri ki vong cia A, ta sé tinh v&i méi cap chi sb (x, y) (1 <
X, y < K) xac suéat dé hai vién da x va y nam trong cung mét hdp roi tinh tdng ctia ching.

Goi ¢, , 1a xac suat dé hai vién da x va y nam trong cung mét hop. Noi cach khac,
¢, =Pr{b,=b,} . Hiénnhién, ¢, =1.Taco:

K K
EA) =2 Y c.,y
x=1 y:]

Khi gap truy van “1 u v”, gia st lic d6 da dat K vién da, va dap an hién tai la:

K K
S=2 XYec,

x=1 yZl

Ta can dat vién da K+1 mot cach ngau nhién vao mét trong cac chiéc hdp tir u dén v. Dap an
sau khi dat thém vién da nay la:
K+1 K+1

S'=X Xc,

x=1 y=1

Ta nhan xét rang, thay vi tinh lai gia trj S’ tlr dau, ta c6 thé tinh str dung gia tri S dé tinh S’ theo
cbng thure:



K

S+Z v+zcxy+cl(+l K+1
=l

:S+2Zcx1(+l+1(docxy:c )
=1 " ’

)
1 2 3 . K K+1
1 C11 C1,2 C13 Cik C1 k41
2 C1 G C23 Cok Co k41
C31 C32 C33 Csk C3 k41
K Ck,1 Ck,2 Cx.3 Ck k Ck k+1
K+1 | Ca11 | Cker2 | Cken3 Ci1,k | Cket ket

K
Lam thé nao dé tinh Y ., ?
=1 7

Trwdc hét, voi mot vien da x bat ky, dé tinh ¢, .., , ta co thé xét tirng chiéc hop i, tinh xac suét
dé vién dé x va K+1 déu nam trong hop i rdi tinh téng clia cac xac suét trén. Cu thé:

xK+1_ZPV{b iNbgy =1}

V&i mot chiée hop i bat ki, hai bién cb b,

N
Cr,kK+1 — ZP”{bKH =i} * Pri{b. =1}
K N K
okt = z ZPr{bK+1 i} # Pribe=i} = X Pribg, =i} » X Pribe=i)

x=1 =1 =1

i va by, =i doc lap v&i nhau nén ta co:

Theo tinh chét tuyén tinh cta gia tri ki vong, ta cé:

K
E(a)=Y Prib, =i}
x=1

T do:
K
2 Cy, K+1 Z Pribg, =i} * E(a;)

x=1

Vién da K + 1 s& dwoc dat ngau nhién vao mot trong cac chiéc hdp tir u dén v véi xac suéat
do do:

vu+1’


http://vnoi.info/wiki/translate/topcoder/Hieu-ve-xac-suat#c%C3%A1c-ki%E1%BA%BFn-th%E1%BB%A9c-n%C3%A2ng-cao_linearity-of-expectation

K v v

_ 1 _ 1
21 Cokn = 2 3o *E(a) = 5 X E(a)
x= j =u

=u

Thay vao cong thic tinh S’ tir S:
K

v—utl 4
i

S'=S+2F ¢, g t1=8+52m Y E(a)+1

x=1 ? =U
Goi q la nghich dao modulo 10° + 7 cia v—u + 1. Trc 13, ta cAn tim s6 nguyén ¢ sao cho
g *(v—u+1)=1(mod 10° + 7). Cac ban cé thé tham khao cach tim nghich dao modulo tai:
http://vnoi.info/wiki/algo/math/modular-inverse.

Ta c6 thé viét lai cong thirc trén nhw sau:
S'=8+2q* Y E(a)+1

=u

Giai thuat

Tw ly thuyét trén, ta di dén gidi thuat cho bai toan nay:
Goi S la gia tri E(4) cho trang thai hién tai. V&i moi i, goi x; 1a gia tri E(a;) cho trang thai hién tai.

Dé xw li truy van “1 u v”, ta can thwe hién 1an lwot hai thao tac:
e Cong thém mot lwong 2g * ¥ x,+ 1vao S (v&i q la nghich ddo modulo 10° + 7 cua
v—u+1)
e Tang cac gia tri x, thém g (véi moiu < i< v).

Khi d6, véi méi truy van 2, ta chi viéc in ra gia tri S.

Ta c6 dwoc thuat toan véi do phirc tap O(Q(N + log M)) (v&i M = 10° + 7). D& cai tién thuat toan,
ta nhan xét la méi 14n thuc hién truy van loai 1, ta can thwc hién hai thao tac:

e Cong thém mét gia tri nao do vao cac phan ti trong moét doan con lién tiép.

e Tinh tbng gia tri clia cac phan t& trong mét doan con lién tiép.

Ta c6 thé sir dung cay phan doan (segment tree) véi co' ché lazy update dé thyc hién hai thao
tac trén trong O(log N). Cac ban cé thé tham khao vé cay phan doan tai:
http://vnoi.info/wiki/algo/data-structures/segment-tree-extend

D6 phwre tap: O(Q log (N + M)).

Code bang C++:
https://github.com/acmicpc-vietham/acmicpc-vietnam.qithub.io/blob/master/2018/national/codes/
a.cpp



http://vnoi.info/wiki/algo/math/modular-inverse
http://vnoi.info/wiki/algo/data-structures/segment-tree-extend
https://github.com/acmicpc-vietnam/acmicpc-vietnam.github.io/blob/master/2018/national/codes/a.cpp
https://github.com/acmicpc-vietnam/acmicpc-vietnam.github.io/blob/master/2018/national/codes/a.cpp

B

L&i giai: Pham Van Hanh (UET)

Source code:
https://qithub.com/acmicpc-vietnam/acmicpc-vietnam.qithub.io/blob/master/2018/national/codes/

b.cpp

Cé réat nhiéu cach lam cho bai toan nay, va da sé cac cach gidi chinh xac déu cho két qua chinh
xac ma khéng yéu cau thi sinh phai xét rat nhiéu trwong hop. Sau day xin trinh bay cach giai
cta minh.

e Giatri S (sb budc it nhat dé két qua tran dau dwoc dinh doat), ta o thé tinh nhw sau:

o Néu sau 2K bwéc, hai bén hoa nhau, S = 2K (Két qua chi dwoc xac dinh & lwot
cudi cung, hién nhién, vi ddo 16n két qua bwédc cudi cung sé& lam thay déi két qua
chung cudc).

o Trong trwdng hop c6 mot nguoi thang, ta xét nhw sau: Gia s tai mot thoi diém,
nguoi A da di p lwot va cé a diém, ngudi B da di q lwot va cé b diém, ngudi A
chac chan thang khi va chi khia > b + (K - q). Twong tw, ngudi B chac chan
théng khi va chi khib > a + (K - p).

e Truwaoc khi doc vao truy van dau tién, ta chuan bj tredc mét co s& dir liéu: V&i mdi gia tri
K tir 1 t6i 6, ta liét ké day da 47K bd két qua c6 thé c6 (két qua cla 2K Iuot). Vi méi bo
két qua, ta tinh ba gia tri S, Pa, Pb (S 1a sb budc téi thiéu dé xac dinh duy nhat nguoi
chién thdng (néu cd), Pa la diém cta ngwdi A sau S budc, Pb la diém clia nguoi B sau
S bwdc). Ta lap mang 4 chiéu matches, méi phan tir la mét vector<string>. V&i mdi mot
bo két qua, ta thém vao vector matches[K][S][Pa][Pb] chubi chira két qua cta S budc
dau tién.

e Sau khi duyét toan bd 4°K tran dau, ta dwng dwoc mang vector matches, ta can LOAI
BO CAC PHAN TU TRUNG. Nén nh¢, & day ta da “gom” céc tran déu cé chung ba gia
tri (S, Pa, Pb) vao cung mét vector, va chi quan tam t&i két qua & S bwéc dau tién, nén
néu hai tran dau béat ky cé cung (S, Pa, Pb) va dién bién & S lwgt dau tién; thi ching
dwoc coi la nhw nhau. Vi du, hai tran dwéi day dwoc coi la nhw nhau:

o Tran1:A:EEEEE Tran 2.A:EEEEE

o B-NEEEN B-NEEEE

e Gid ta xtr ly tirng truy van: Sau khi xac dinh dwoc giatri S, PavaPb, ta can tim giatriC
nho nhat, sao cho tén tai duy nhat mét kich ban nam trong matches[K][S][Pa][Pb] c6
chung C buwéc dau tién vaéi input (chinh 1a input). N6i cach khac, néu ta biéu dién méi
kich ban trong matches[K][S][Pa][Pb] bang mét xau gom S ky tw, ton tai 1 xau duy nhéat
co tién td do dai C khdp véi input. Do gidi han clia bai toan nhé (K < 7, 65 test), ban c6
thé duyét tirng gia tri C tang dan, véi mdi gia tri C, duyét lai toan bd vector
matches[K][S][Pa][Pb] dé kiém tra diéu kién trén.


https://github.com/acmicpc-vietnam/acmicpc-vietnam.github.io/blob/master/2018/national/codes/b.cpp
https://github.com/acmicpc-vietnam/acmicpc-vietnam.github.io/blob/master/2018/national/codes/b.cpp

Minh hy vong I&i gidi chuan cta bai toan nay khéng qua phirc tap, nhwng I&i gidi khéng phai la
diéu dang noi nhat cta bai tap nay.

Nhin vao bang rank, minh thay cé kha nhiéu déi ndp bai nay. Minh tin bai B nay chiém kha
nhiéu th&i gian va cong strc clia cac ddi. Minh xin chic mirng cac ddi da vwot qua bai nay, du
sau 5 - 10 lan ndp van kién tri chién dau, va cdm théng cho nhirng ddi du da cb gang nhiéu
nhwng chwa thé vuot qua.

Nhiing con sb da nai Ién tat ca, bai B thudc kiéu bai: M&i nhin thi thay dé, nhin ki s& thay kho,
nhin rat ky lai thdy d&. Day la kiéu bai truyén théng va kha phd théng trong cac dé thi ACM (cac
ban co thé coi lai bai K ciia d& ACM mién Bac nam 2017, mét bai kiéu twong tw). Bai B ¢6 sb
doi giai dwgc nhiéu thir 4, nhwng ty 1€ gidi dwoc (28/558 ~ 5%) lai thap the hai cha dé.

Nhin qua code cac ban, minh doan da sb cac doi tiép can bai toan theo hudng “doan xem ngta
suy luén kiéu gi dé két luan dwoc dién bién tran dau”. Va mét trwong hop hau hét cac doi da bd
s6t nhuw sau:

Team A:ENEEN

TeamB: EEE E x

(S =9, Pa =3, Pb =4 vatakhong can biét két qua Ivot cudi ciia B). C = 3. Tai sao lai nhw vay?
O thoi diém xem xong 3 lwot dau tién, thong tin Cee ¢ duorc:

Team A:EN?7?7?

TeamB:E? 7?7 ?x

Cee nhan thay team B dang c6 1 diém va con 3 lwgt nira. Hién nhién ba lwot nay co diém vi Pb
= 4. Team A con 3 lwot, dang c6 1 diém va Pa = 3, do d6 trong 3 lwot nay, cé hai tring va mot
trwot.

Nhwng Cee suy ngh thém réng, tran dau két thuc & lwot thir 9, la lwot ciia A. Do tran dau két
thuc trwde 2K lwot (S < 2K), thong tin & lwot thir S phai c6 i cho phe thang (néu thong tin
& lwot thee S 1am thiét cho phe thang, déng nghia vai viéc sau lwgt S - 1 phe thédng dang dan
trwéc manh hon, phe théng thira strc danh bai sau S - 1 lwgt). Vi B thang nén ddi A bat budc
phai trwot & lwot thr 9. Va do dé 3 buwdc la da dé Cee khoi phuc toan bo két qua.

Tiép can bai toan theo hudng phéan tich trwdng hop mang nhiéu rai ro, va khi & bai B gi¢i han
rat nho, hwong tiép can do la sai lam. Diéu dé phan nao khién nhiéu doi ndp rat nhiéu lan
nhwng van sai.

Fun fact: Minh nghi ra bai nay khi dang xem twong thuét tran tranh HCD Asiad (VN - UAE). Vi
du trén chinh la nhirng gi da dién ra trong loat sut luan lwu cta trén dau nay.



C

L&i giai: Vwong Hoang Long (UET - Map)

Bai nay Iic méi doc thi c6 vé vo cling do diéu vi cau tra I&i con chira sb k dwoc may chon hoan
toan random. Nhuwng sau khi choi tay mét héi thi minh nhan ra bai kha dé =)) . Cach lam cla
minh la ta s& hai lan lwot cac doan [1,1], [1,2] , [1,3] , .... [1,n]. Muc tiéu ctia minh la sau khi hdi
doan [1,x] thi s& tim dwoc sb a[x], vay c héi lan lwot ta s& c6 cad mang.
DAu tién ta hoi doan [1,1] => ¢6 sb a[1]. Khi héi doan [1,2], goi rep[1,2] |a cau tra |&i ta nhan
dwoc cho doan nay, ta sé cé 2 TH xay ra:

- Sbk=1=>sba[2]=rep[1,2] - a[1]

- Sbk=2=>sba[2]=rep[1,2]/a[1]

Vay trong ca 2 TH ta déu tim dworc sb a[2]. Vay tdng quat hod, 1am sao dé ta tim dwoc sb a[x]
khi hai doan [1,x] va da biét cac sé tir a[1] ... a[x-1]?

RAt don gian:

Goi K la d6 1&6n subset dwgc chon trong cau tra 1&i, REP la cau tra 10i vé t6ng cac subset db I&n
K. Goi dpli][j] 1a tébng cac subset d8 I&n j ctia day tir 1 -> i.(Lwu y, ta sé& set dp[i][0] = 1 dé tién
lam trong bai). Vi minh d4 biét cac sé tir 1-> (x-1) nén ciing biét cac gia tri dpli][j] v&i i chay tir
1->(x-1)

Ta c6: REP = dp[x-1][K] + a[x] * dp[x-1][K-1] , chinh la téng cac subset d6 I&n K cta day 1 ->
(x-1) + a[x] * tbng cac subset do 1&n (K-1) ctia day 1 -> (x-1).

Vay a[x] = (REP - dp[x-1][K]) / dp[x-1][K-1]

Vé&i phép chia nay thi vi ta st dung mod 1e9+7 la mod nguyén t6 nén thay vi / (dp[x-1][K-1]) thi
ta sé * (dp[x-1][K-1]*(mod-2).

Vay c lam |an lwot thi ta sé cd cad mang. Bai chi ¢ vay théi :)



D

L&i giai: Lé Minh Phac (NUS - lllumina)

Source code:
https://github.com/acmicpc-vietham/acmicpc-vietnam.qithub.io/blob/master/2018/national/codes/

d.cpp

Dé bai yéu cau dém sb ngay cé dang DD-MM-YYYY cé thé dwoc tao thanh tir 8 chir sb cho
trwéc. Cach don gidn nhat chinh 1a xét tt c& cac hoan vi abcdefgh clia 8 chir sb da cho, véi
abcd 1a nam, ef 1a thang, gh la ngay, va kiém tra xem né cé ding la mét ngay trong lich khéng.
Vi 8! = 40,320 kha nhd, va chi c6 50 tests nén ching ta lam vay la da qua time limit.

Mot cach dé xét tat ca cac hoan vi cla 8 chir s6 da cho la:
- Cho 8 s6 vao trong 1 vector va sort ttr nhd dén I6n.
- Dung ham next_permutation trong C++ dé xét cac hoan vi tr nhd t&i Ién. Vi dé bai ciing
bat tim ngay nhé nhéat sau 01/01/2000, dung next_permutation cho phép ta 14y luén
hoan vi dau tién thod man cac diéu kién da cho lam ngay nhé nhat.

Dé xét xem 1 hoan vi abcdefgh (abed 1a nam, ef 1a thang, gh la ngay) c6 thod man cac diéu kién
da cho hay khéng, chu y cac tiéu chuén sau:
- 2000 <abcd
- 1<ef <12, 1<gh
- gh<29néu ef=2, gh <30néu ef = 4, 6,9, 11va gh <31néu
ef=1,3,57,8, 10, 12.
- Dé&cbiét, néu ef =2, ta kiém tra xem abed ¢6 phai nam nhuan khéng theo nhw ghi chu
trong dé bai. Néu co thi chp nhan gh <29, néu khong thi chi chap nhan gh < 28


https://github.com/acmicpc-vietnam/acmicpc-vietnam.github.io/blob/master/2018/national/codes/d.cpp
https://github.com/acmicpc-vietnam/acmicpc-vietnam.github.io/blob/master/2018/national/codes/d.cpp

E

L&i giai: Pham Van Hanh (UET)

Source code:
https://qithub.com/acmicpc-vietnam/acmicpc-vietnam.qithub.io/blob/master/2018/national/codes/

€.Cpp

Dé bai yéu ciu ching ta dém sb cip sb nhan tng co téng bang S. O’ day ta chi quan tam dén
cac day co it nhat 3 phan t&r. Viéc dém sb day cé it hon 3 phan t& xin danh lai cho ban doc.

Ky hiéu day laA,, A,, ..., A.. Goi cong bdi la 5vé’i P va Q nguyén t6 cung nhau. Khi d6 Ak = A0
* PAk / Q*k. Do Ak la sb nguyén, P va Q nguyén té cuing nhau nén A0 chia hét cho Q”k. D&t A0
=x*QM, taco Ai=x* QN *PMk-i). Khiddo S=A0+A1+ ...+ Ak=x*(P*k + PMk-1)Q + ... +
Q"k). Vik>1va S <=1e6, taco P, Q <= 1e3.

Do d4, ta sé dung mang f dé Iwu lai két qua véi moi S, va khi doc input vao ta chi dung mang f
dé tinh két qua trong O(1). D& chuan bi mang f, dau tién ta duyét qua moi bd ba (P, Q, k), tinh
gia tri cGia biéu thirc T = Pk + PAk-1)Q + ... + Qk, va tang gia tri cta f(T) Ién 1. Sau khi da
duyét qua moi bd (P, Q, k) ta s& duyét cac gia tri T tlr 16 gidm vé 1, va gan f(bT) += (T).


https://github.com/acmicpc-vietnam/acmicpc-vietnam.github.io/blob/master/2018/national/codes/e.cpp
https://github.com/acmicpc-vietnam/acmicpc-vietnam.github.io/blob/master/2018/national/codes/e.cpp

F

L&i giai: Nguyén Ngoc Trung

Dé dang nhan thay rang ta chi can quan tdm dén nhirng diém nam trén bao 16i clia nhirng diém
nam trong da giac to. Do d6 buwéc dau tién la tim bao 16i clia nhirng diém nay. Gia st cac dinh
clia da giac 16i to la 4,, 4,, ..., 4, va da giac 16i con tim dwgc la B,, B,, ..., B, (theo tht ty
ngwoc chiéu kim déng hd).

Tiép theo v&i mdi vi tri i ta sé tim tiép tuyén phia bén phai tir diém 4, dén da giac con. Do la
diém B; ma tich c6 hwong ||4,8; x B,B; _ || Va ||4,B; x B,B; . || 1a khong am. Ky hiéu vi tri j can
timcho vitri i 1a fi], néu j < i taquy woc f[i] = j + n. Nhw vay la day /1], f12], ..., f]#] la
khéng gidm va tap gia tri la tr 1 dén 2n — 1. Tlr day st dung two pointers dé tim mang /{]
trong O(N).

Sau khi tim dwo'c mang f[], ta s& tim mang g[i] 1a vi tri xa nhat tlr i c6 thé di téi ma da giac
tao thanh tlr dinh i dén g[i] khéng chtra b4t ky diém nao ndm bén trong hodc trén bién. Ta
phai c6 diéu kién 14 tich co6 huéng 4,4, * A;By;|| dwong. Ta tiép tuc str dung two pointers tai
day va dé phirc tap van la O(N).

Cudi ciing dé tim da giac c6 sb dinh nhd nhat. Mot cach don gian la tham lam, tai méi diém ta
cb gang di tdi da c6 thé dwa theo mang g[] cho dén khi gap lai hodc vwot qua diém ban dau.
M6t cach tw nhién va dé nghi nhat la xay dwng cu tric sparse table twong tw nhw trong LCA.
D06 phwc tap sé 1a O(NlogN) .

Summary:
e Complexity: O(NlogN + KlogK) or O(N + KlogK).
e O(N + KlogK) is left as an exercise for readers.
e Author’s code:
https://github.com/acmicpc-vietham/acmicpc-vietnam.github.io/blob/master/2018/national

[codes/f.cpp



https://github.com/acmicpc-vietnam/acmicpc-vietnam.github.io/blob/master/2018/national/codes/f.cpp
https://github.com/acmicpc-vietnam/acmicpc-vietnam.github.io/blob/master/2018/national/codes/f.cpp

G

L&i giai: Pham Van Hanh (UET)

Source code:
https://qithub.com/acmicpc-vietnam/acmicpc-vietnam.qithub.io/blob/master/2018/national/codes/

g.cop

Néu da dé y dwoc dd thi trong bai khdng phai la cay, va tham chi db thi con cé canh l1ap; thi ta
quy vé bai toan quen thudc - Dém sb tam giac trén dé thi vé huwéng. Cé kha nhiéu cach [am bai
toan nay, cac ban cé thé tham khao tai day:
https://www.geeksforgeeks.org/number-of-triangles-in-a-undirected-graph/

Loi gidi cia minh cho bai nay nhw sau:

Nhan thay dap sb clia bai toan bang hai lan sb bd ba (u, v, w) sao cho tén tai canh (u, v), ton tai
canh (v, w) nhwng khong tén tai canh (u, w), ta khéi tao dap sé cta bai toan bang téng Du * (Du
- 1) v&i Du la bac cta dinh u trong d6 thi. Sau d6, ta duyét tirng canh (u, v); v&i mdi canh, ta
dém s6 dinh w ké& v&i ca u va v, véi mbi dinh w, ta trir dap sé di 2.

Viéc dém sb dinh w ké vé&i ca u 1an v gibng nhuw mét loai bai toan truy van ta hay gap: Cho n tap
hop S1, S2,..., Sn ¢6 téng lwc lwong 1a K; va Q truy van, méi truy van can x& ly trén 2 trong sé n
tap nay. Bai toan nay co hwdng giadi quen thudc: Duyét trén tap cé lwc lwgng nhd hon trong hai
tap dwoc truy van, sao cho dd phirc tap xtr ly mét truy van ty 1& véi lyc lwong tap nhd ma
khéng tuyén tinh v&i lyc lwong tap 16n. Khi do téng d6 phire tap cla bai toan (wéc lwong
twong ddi) 1a O(K * sqrt(Q)).

Trong bai nay, ta cé n tap hop chinh 1a n tap dinh ké v&i méi dinh ctia dé thi. Cac truy van & day
la cac canh (u, v); & do ta cdn dém sé phan tlr chung cla hai tap Adj(u) va Adj(v) - hai tap dinh
ké v&iuvav.

V&i méi "truy van" (u, v); ta chon ra mét dinh (gia st la u); duyét tap Adj(u). V&i mbi w thude
Adj(u), kiém tra xem w c6 thudc Adj(v) hay khéng. Viéc kiém tra nay co thé thyc hién bang cau
trac div liéu HashMap vé&i do phirc tap trung binh O(1) hodc Set v&i dd phirc tap 6n dinh la
O(logN).

Tuy nhién, ban cé cach lam tét hon viéc kiém tra canh (v, w) dwoc thuwe hién véi do phare tap
6n dinh O(1) (nghta 1a ban khéng can d&t niém tin vao sy may rdi ciia HashMap) nhw sau:

- V&i méi dinh u, ban lwu lai danh sach cac "truy van" (u, v) ma & doé ban chon tap Adj(v) dé
duyét thay vi Adj(u).

- V&i mbi dinh u, ta "xt ly" cac "truy van" nay cung mét luc: Pau tién ta chuan bj mét méng danh
déu cac dinh trong tap Adj(u). V&i méi "truy van" (u, v) trong danh sach, ta duyét tap Adj(v), st
dung mang da chuan bj dé kiém tra canh (w, v).


https://github.com/acmicpc-vietnam/acmicpc-vietnam.github.io/blob/master/2018/national/codes/g.cpp
https://github.com/acmicpc-vietnam/acmicpc-vietnam.github.io/blob/master/2018/national/codes/g.cpp
https://www.geeksforgeeks.org/number-of-triangles-in-a-undirected-graph/

C6 ba diém khién cho rat nhiéu d6i ndp sai & bai tap nay:

1. Cac doi nght db thi 1a cay.

2. Cac ddi nght d6 thij la don dd thi, nén quén mét phai xéa di nhirng canh 18p trwéc khi tinh.
3. Cac dbi cai thuat toan khong tét dan dén chay qua cham.

Vé diém tht ba, gi¢i han thdi gian 3s 1a gap 10 lan 1&i gidi C++ ctia minh (chay mat 0.3s). Néu
cac ban lwu hét cac canh vao map, kiém tra canh véi do phirc tap O(logN), ban gan nhw chéc
chén bi TLE. Néu ban dung unordered_map, cac ban can chéng viéc rehash cta
unordered_map trong C++. Str dung unordered_map cé co hdi AC I&n hon dung map, nhwng
néu code khéng can than ban ciing c6 thé bj TLE. Cach tbt nhét 1a ban tw cai dat HashMap, va
véi canh (u, v); ban chon HashKey la (u * n + v) xor x (n la s6 dinh cta dd thj). x 1a mot sb dwoc
chon ngau nhién. Cach lam nay khién HashMap cta ban khé bij tiéu diét hon rat nhiéu.

Vé diém the hai, minh hoi bat ngd vi minh cho rang, néu cac ban khéng nghi do thij 1a cay, thi
ciing sé& khéng nghi dd thi 1a don dd thi chir nhi ;)

V& diém thi nhéat, minh nghi dé bai khéng dé cap dén dé thj lién thong thi khéng co ly do gi ban
nghi né lién thong ca. Minh ¢6 quan sat vong mién nam, minh c6 dé y t&i bai E:

Minh ngdm ky doan "the transportation system consisting of » — 1 two-way streets connecting all
the residential areas” va tw hdi "connecting all the residential areas” c6 nghia la lién thong hay
khong. Néu thay déi thanh "connecting all these areas" hay "connecting these areas" hodc
"connecting the areas" thi nghia clia cau van thay ddi nhw thé nao. Minh c6 cam giac la mot
chi¥ "all" chwa d0 nhan manh rang db thj lién thdng, va néu xda chir "all" di ma thay thanh
"these" hodc "the" thi lai c6 vé 1a cau van khéng mang y nghia d6 thi lién théng. Minh kha ban
kho&n vé ngir nghia clia cau nay.

Néu dich ra tiéng Viét, cau van nay cé nghia la "Hé théng giao théng gdm N - 1 con dwdng hai
chiéu két ndi tat ca cac khu vuc lai". Cau nay c6 vé mang nghia 1a "N - 1 con dwéng hai chiéu
nay chi dung dé két ndi N khu v trong thanh phé véi nhau" véi ham y 1a "Céac con dwong nay
khéng néi mot khu vuc trong thanh phé ra ngoai thanh". Néu coi ham y ctia cau nay la "Viéc di
lai trong thanh phé 1a thong sudt" hodc "Ttr mot khu vie cé thé téi moi khu ve khac" thi'y
nghia ctia n6é khong ré nét nhw ham y trén.

Tuy nhién, khi minh nhin bang diém, trong 60p dau tién c6 tam 4-5 d6i AC bai E. Diéu nay cho
thay cac doi chi doc dé lwdt qua va tin kha chac la db thi trong bai 1a cay.


https://acm-icpc.hcmus.edu.vn/public/
https://acm-icpc.hcmus.edu.vn/public/problem.php?id=143

H

Tac gia/Loi giai: Nguyén Vwong Linh (MIT/Facebook)

Source code:
https://qithub.com/acmicpc-vietnam/acmicpc-vietnam.qithub.io/blob/master/2018/national/codes/

h.cop

Tom tat loi giai:
e D&y rang chung ta chi can giai quyét bai toan cho 1 hinh bac thang. Vé&i 2 hinh bac
thang, sb cach xépséla C(p + ¢ — 2, p — 1) FG v&i p va q la s6 6 vudng clia bac
thang 1 va 2; F la sé cach xé&p bac thang thir nhat va G |a sé cach xép bac thang thir 2.
(Tanhan véihésb C(p + ¢ — 2, p — 1) vi 2 6 xanh va dé dau tiéng da dwoc cb dinh
san).
e Ap dung cong thirc d6 dai Hook: https://en.wikipedia.org/wiki/Hook_length_formula; sb

cach xép bac thang dworc tinh theo cdng thirc

p!
Te .o
clel.c!

Trong dé ¢, .., ¢, 1a A9 dai cac moc cau (hook) cda hinh bac thang, va p la s 6 vudng trong
hinh bac thang.

Il S W S| =
-
f—
ot

3120
9(5(4]1|0

Vi du minh hoa cho 1 hinh béc thang va dé dai cac méc céu. Méi 6 vuéng c6 1 méc céu
duy nhét Ia hinh chir L xuét phat tir 6 day va kéo dai theo ca 2 chiéu dén dwong bién
cda hinh bac thang (ki hiéu bang sé 0/1 trong hinh)



https://github.com/acmicpc-vietnam/acmicpc-vietnam.github.io/blob/master/2018/national/codes/h.cpp
https://github.com/acmicpc-vietnam/acmicpc-vietnam.github.io/blob/master/2018/national/codes/h.cpp
https://en.wikipedia.org/wiki/Hook_length_formula

e Do dai cac méc cau cé thé dugce tinh bang QHD kha co ban véi dd phire tap O(MN).
e Can chu y xt li véi modulo 100003, tuy nhién phan x{ li nay khéng qua phure tap.

Binh luan:

e Day |a mot bai khé tir ca viéc hiéu dé va tiép can van dé, nhat 1a véi vi du khong thuc sw
trwc quan. Khé nhét 1a tim ra dwoc cong thire Hook va cai dat hiéu qua; kién thirc nay
thwéerng khéng cé trong chwong trinh hoc bac phd théng / BH tuy nhién van cé thé tiép
can duwoc bang cach cai chwong trinh duyét trau dé tim ra quy luat.

e Chuc mirng ddi THREE (vé&i 3 thi sinh & hoc sinh phé théng) da |1a doi duy nhat vuot
qua thr thach nay, cho thay khéng cé gi 1a khong thé :)

e Nhirng kiéu bai nay da tirng xuét hién trong céac ki thi trwéc day (vi du
https://vnoi.info/problems/TREELINE/ v&i cong thirc méu chét 1a sb Catalan
https://en.wikipedia.org/wiki/Catalan_number), cac ddi nén chd y bd sung kién thirc
toan/td hop & trong doi; day cé thé 1a yéu td quyét dinh trong cac vong thi cudi cung.

Fun fact:
e V&i hinh bac thang 2 * n, dap sé 1a sé Catalan C, . Trung hop ngau nhién?



https://vnoi.info/problems/TREELINE/

L&i gidi: Vwong Hoang Long (UET - Map)

Bai nay la mét bai biéu diém. Ta chi can lam ding nhw dé bai yéu cau. Dau tién sort lai tht ca
cac con Pokenom theo chi sd Attack, réi insert vao Set id ctia K con cé Attack cao nhat. Lam
twong tw véi chi sd Defend va Health. Sau d6 ching ta chi can in ra Set.size() la xong (do Set

da tw dong bd hét phan ti trung I&p)



J

L&i giai: Nguyén Vit Hoang Vwong

Trang thai két thuc c¢é6 dang nhw thé nao?

Ky hiéu a, b thir tw 1a gia tri cha ky tw dau tién va cudi cling clia xau S ban dau. Hai ky tw diu
cudi nay khéng bao gi® duwoc xda.

Trod choi két thuc khi va chi khi ngudi choi khéng thé xéa ky tw nao duoc niva, tirc 1a viéc xda
ky tw nao ciing s& dan t&i viéc co 2 ky tw k& nhau va bang nhau.

Xét xau S khi trd choi két thuc.

Ky tw thir nhat ctia xau khéng bao gid bj x6a. Ky tw thé» hai néu xoa thi s& dan dén viéc ky tw
thtr nhat va the ba béng nhau => ky tw th&r ba = a. Lap luan twong tw, ta cé cac ky tw tai vi tri |é
sé co gia tri bang a.

S cd dang: S = a?a?...?a hoac S = a?a?...7a?

TH1: S =a%a?...7a

Ky tw cudi ciia S = a, ky tw cubi clia S khéng bao gi®» bi xéa =>a=b

Do dai clia xau S khi trd choi két thac co do dai 8.

Goi N |a d6 dai S ban dau. Néu N 1&, ngwdi choi dau khi dén lwot minh, xau S luén cé d6 dai 18;
con ngudi choi thir hai khi dén lwot minh xau S ludn cé d6 dai chan. Suy ra nguwdi choi dau sé
gap trang thai két thuc => ngudi choi dau tién thua néu N 18. Twong tw, ngudi choi thiv hai sé
thua néu N chén.

TH2: S = a?a?...7a?
Ky tw ? cudi cung phai = b. Do khéng ¢6 2 ky tw nao ké nhau va bang nhau, a khac b.
Do dai cia xau S khi trod choi két thuc co do dai chan.
Lap luan twong ty trén, ta co:
- Néu N 18, ngwdi choi thi hai thua
- Néu N ch8n, ngudi choi thir nhat thua

Vay:
- Néua=b,TH1xdyra
- Néuakhacb, TH2 xay ra

Code tham khao:
https://github.com/acmicpc-vietham/acmicpc-vietnam.qithub.io/blob/master/2018/national/codes/

j.Cpp



https://github.com/acmicpc-vietnam/acmicpc-vietnam.github.io/blob/master/2018/national/codes/j.cpp
https://github.com/acmicpc-vietnam/acmicpc-vietnam.github.io/blob/master/2018/national/codes/j.cpp

K

L&i giai (Pinh Nguyén Khoi - HCMUS Intimidate)

Ta sé di tir giai thuat “thé thién” don gian nhat ma co thé dé dang nghi ra, sau d6 ta sé toi wu
dan Ién.

Goi S(x, y) 1a TAP HOP tat ca cac hinh chi¥ nhat pha Ién trén toa dd (x, y). O day ta dinh nghia
hinh chir nhat c6 toa dd géc trai dudi la (x1, y1), toa dd géc phai trén la (x2, y2) “phd” 1én diém
(x, y) khi va chi khi: x1 < x < x2 va y1 <y <y2. Vi du: Hinh chi¥ nhat thir nhat géc trai dudi (2, 2)

va toa dd géc phai trén 1a (8, 8) thi s& phu 1én céc didm {(2, 2), (2, 3), ....}.

Nhan xét rang dé (x1, y1) c6 dwdng di dén (x2, y2) thi tap hop cac hinh chir nhat pha 1én diém
(x1, y1) va diém (x2, y2) phai gibng hét nhau. Nhw vay, ta s& cd mot thuat toan “so dang” nhat
ban dau:
- V&itruy van loai 1: V&i hinh chir nhat thir i (x1, y1, x2, y2), ta duyét véi moi (x, y) nam
trong hinh chr nhat nay, dwa i vao trong S(x, y).
- V&i truy van loai 2: Ta duyét moi (x, y) nam trong hinh chi¥ nhat thi i (x1, y1, x2, y2) va
x0a i ra khoi S(x, y)
- V&i truy van loai 3, ta so sanh S(x1, y1) va S(x2, y2) xem c6 bang nhau hay khéng. Néu
bang nhau thi xuét ‘Y’ va xuét N’ trong trwéng hop nguoc lai.
Vi trong bai nay gém cac thao tac “thém” va “xéa”, nén ta can t6 chirc S(x, y) theo kiéu
Balanced Binary Search Tree (set) trong c++.

Hién nhién ta nhan ra rang d6 phirc tap clia hwéng giai quyét & trén dé xuét ra la qua 16n, ta
can mot hwédng tiép can khac dua trén nén ciia hwéng giadi quyét nay va téi wu 1én.

Vi st dung set dé lwu tap hop thi sé rat cham, vi cac thao tac trai qua N phan tl, thi d6 phirc
tap sau N thao tac Ia NlogN.

Ta c6 thé cai tién cong doan nay lam sao tir viéc khi dwa 1 phan t&r vao tén O(log(N)) xubng
thanh O(1), dong thi thao tac xéa 1 phan ti ciing tén O(1), nhw vay ta cé mot cai tién tiép theo
st dung hash nhw sau: Gid st nhw S(x, y) = {1, 3, 4, 6}, ta s& hash chung thanh 1 con sé nao
do dé tién so sanh. O day, ta sé& xem nhirng con sé {1, 2, 3, ....., 100000} nhw nhitng CHI SO
trong hé co sb 100.000. Tirc néu S(x, y) = {1, 3, 4, 6}, thi con s6 ta can lwula V = (1 * 100.000
+3*100.00073 + 4 * 100.000*4 + 6 * 100.00076) mod MOD. V&i MOD 1a mét con sé nao dé ta
c6 thé chon. Nhw vay, ta cé thé cai tién dé S(x, y) khéng phai 1a set nira, ma chi 1a mot sé
nguyén. T4t nhién kiéu hash nay sé c6 xac suét sai, nhwng xac suat nay khdng dang ké.

Nhuw vay, vai viéc thém mét hinh chlr nhat thi i vao trong S(x, y), ta cdng S(x, y) thém mdot gia
tri la i * 100.000%i, va viéc xda mét hinh chir nhat thr i ra khéi S(x, y), ta trir S(x, y) di mét gia tri
1ai* 100.0004i.



Van dé thir 2 lam gidi thuat ban dau cham, do la viéc véi hinh chir nhat (x1, y1, x2, y2), ta phai
duyét toan bo (x, y) dé cap nhat, tbn d6 phirc tap gan nhw 1a O(R * C). (R 1a sb dong, C la sé
cot). Dé cai tién cong doan nay, ta can t6 chirc badng S nhw |a cay fenwick trén bang 2D, vi cay
fenwick trén bang 2D cho phép ta c6 thé tdng (gidm) moét hinh chir nhat co toa d6 géc trai dwoi
la (x1, y1) va géc phai trén (x2, y2) trong O(log(R) * log(C)), thao tac truy van tim tdng cia mot
hinh chi¥ nhat trén bang 2D cling la O(log(R) * log(C))
(https://www.topcoder.com/community/competitive-programming/tutorials/binary-indexed-trees/)
Nhw vay, dé cap nhat nhirng gia tri S(x, y) trong hinh ch nhat (x1, y1, x2, y2) thém mét gia tri
val, ta sé lam nhuw sau:

- Thém toan bd cac 6 trong hinh chir nhat (1, 1, x2, y2) gia tri val

- Xba toan b cac 6 trong hinh chr nhat (1, 1, x1 - 1, y2) gia tri val

- Xoéa toan b cac 6 trong hinh chlr nhat (1, 1, x2, y1 - 1) gia trj val

- Thém toan bd cac 6 trong hinh chir nhat (1, 1, x1 -1, y1 - 1) gia tri val.

Céc thao tac trén, ta str dung cay fenwick trén bang 2D, cac thao tac déu la log(R) * log(C). Va
véi truy van so sanh, ta ciing chi lay két qua cac 6 (1, 1, x1, y1) va (1, 1, x2, y2) dé so sanh la ra
két qua.

Tuy nhién, v&i cach giai da dé xuét & trén, néu khong can than, khi ta submit I&n sé& bj Timelimit.
Ta can tbi wu thém mot chat niva. D& y rang dé bai da néi rang véi cac truy van loai 1, cac x1,
y1, x2, y2 déu la sbé 1& va véi cac truy van loai 3, cac x1, y1, x2, y2 déu la s6 chdn. Ta sé st
dung phép ddng dang, bién hinh chi¥ nhat (x1, y1, x2, y2) vé thanh mét hinh chir nhat véi toa
do (x1°,y1’, x2’,y2). Trongdo x1'=(x1+1) /2, yI'=(y1+1)/2,x2°=(x2-1)/ 2vay2 = (y2 -
1)/ 2. V&i truy van sb 3, ta s& bién toa do diém dau va diém dich thanh x1/2, y1/2, x2/2, y2/2 thi
bai toan sé khong thay dbi.

D6 phirc tap: O(Q * (log(R) * log(C))) v&i Q la sb truy van, R va C 1an lwot 1a sbé dong va sb cot
cua bang.

Source code:
https://github.com/acmicpc-vietham/acmicpc-vietham.github.io/blob/master/2018/national/codes/
k.cpp

Bonus: Ta c6 thé sir dung hash ma khéng can mod cho mét sé ciing dugrc, ta co thé dé cho
S(x, y) tran sé trong kiéu long long.



https://www.topcoder.com/community/competitive-programming/tutorials/binary-indexed-trees/
https://github.com/acmicpc-vietnam/acmicpc-vietnam.github.io/blob/master/2018/national/codes/k.cpp
https://github.com/acmicpc-vietnam/acmicpc-vietnam.github.io/blob/master/2018/national/codes/k.cpp
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L&i giai: Nguyén Vit Hoang Vwong

Pé bai: Co N Pokenom va N chiéc banh déu dwoc danh sb tir 1 téi N. Pokenom i mudn an
banh thir i. C6 mét sb nguyén liéu lam banh dwoc danh dau béi moi s6 nguyén td <= N. Néu x
c6 phan tich thira s6 nguyén t6 x = p1*a1 * p2*a2 * .... thi d& lam banh x can a1 gram nguyén
liéu p1, a2 gram nguyén liéu p2, van van. Mua k gram nguyén liéu p mat k2 * C(p) tién.
Pokenom i s& vui va trd Bash V(i) tién néu s6 nguyén liéu Bash mua c6 thé lam dwoc banh i.
Hai sb tién Ién nhat ma Bash cé thé nhan dwoc la bao nhiéu?

L&i giai:

Ta sé dwng mot dd thj theo cach nhw sau.

Cac dinh cua db thi la:

Cé2dinhsvat

C4 N dinh twong &ng v&i N Pokenom, dinh i twong trng v&i Pokenom i.

Vé&i mbi nguyén liéu dwoc danh dau béi sd nguyén té p, ky hiéu E(p) la sé nguyén
dwong I&n nhat ma prE(p) <= N, dd thi s& c6 E(p) dinh p(1), p(2), ... twong tng voi
nguyén liéu p. Binh p(k) twong &ng v&i viéc mua k gram nguyén liéu p. Dé thay trong
phwong an tdi wu, ta khéng bao gid mua quéa E(p) nguyén liéu p.

Cac canh cla db thi la:

g 0 @ L —\J 7 71
0 +0a

V&i méi dinh i ting v&i Pokenom i, c6 canh mét chiéu tir s tdi i véi trong s6 0, va cé canh
mot chiéu tlr i t&i t v&i trong s6 -V(i).

V&i méi nguyén liéu p, cd canh mét chiéu ndi tir s t&i p(1) véi trong sé 0, c6 canh mot
chiéu néi tir p(k) t&i p(k+1) v&i trong sd bang chi phi mua k gram nguyén liéu p va bang
kA2 * C(p); ¢ canh ndi tir p(E(p)) t&i t v&i trong s6 E(p)*2 * C(p).

V&i mbi dinh i 'ng v&i Pokenom i, gia st i c6 phan tich thira sé nguyén té i = p1ta1 *
p2*a2 * ..., c6 canh ndi t i t&i p1(a1) véi trong sé +00, c6 canh ndi tiv i téi p2(a2) voi
trong sb +00, van van.
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Dinh nghia 1 lat cét tir s t&i t cha d6 thi 1a sau khi loai bé 1 sb canh ra khéi dé thi, s khéng di
dwoc dén t niva. Ta goi lat cat 1a cuc tiéu khi tdng trong s cach canh bij loai bd 1a nhé nhét. Ta
sé dung tr “cat” canh v6&i y nghia twong dwong véi viéc loai bd canh dé.

Ta sé chirng minh mét lat cat cuc tiéu ctia dd thi ndi trén twong (rng véi mot 1o gii:

- V6&i mdi nguyén liéu p, dung 1 trong cac canh s->p(1), p(1)->p(2), ... sé& bi cat trong lat
cat cuc tiéu, bdi vi néu trong s cac canh nay khéng cé canh nao bj cat thi s van di
dwoc dén t, va vi ta mudn |4t cét 1a cwe tiéu nén khong cé ly do gi dé cét 2 canh ca.
(Lwu y: 1ap luan nay la sai! N6 chi dung trong trwéng hop trong sé cac canh |1a dwong,
ma canh ctia dd thi dang xét cé trong s6 am. Tuy nhién ta tam th&i gia st trong s cac
canh 1a dwong hét. Canh am sé dwoc x(r Iy & sau nay).

- V6&i mbdi dinh i (’ng véi Pokenom i, 18p luan twong tw nhw trén, ta cé dung 1 trong 2 canh
s->i hodc i->t s& bj cat (Lwu y: tam th&i gid st trong sb cac canh 1a dwong).

- Cét canh s->i sé twong (rng v&i viéc Pokenom i khéng vui, Bash nhan duwoc 0 tién,
0=(-1)*0 = (-1) * trong sb canh s->i bj cét.

- Cét canh i->t twong (rng vé&i viéc Pokenom i vui, Bash nhan duoc V(i) tién, V(i) = (-1)*
(-V(i)) = (-1) * trong s6 canh i->t bj cat

- V&inguyen liéu p, cat canh p(k)->p(k+1) twong (rng vé&i viec mua k gram nguyén liéu p,
Bash mét k2 * C(p) tién, - k*2 * C(p) = (-1) * trong sé canh p(k)->p(k+1) bj ct.

- Gidslri=pltal *p2*a2 .... Ta sé chirng minh néu Pokenom i vui, thi s& phai mua it
nhat a1 gram nguyén liéu p1, it nhat a2 gram nguyén liéu p2, van van. That vay.
Pokenom vui ttrc canh i->t bj cét. Trong lat cat cwe tiéu, canh i->p1(a1) véi trong sb +oo
khéng bao gi® bi cat. Gia st ¢ it hon a1 gram nguyén liéu p1, tirc 1a khéng cé canh
nao trong sb cac canh p1(a1)->p1(al1+1), p1(al+1)->p1(a1+2), ..., p1(E(p1))->t bi cat ca.
Suy ra s van di dwoc dén t thdng qua con duwéng
s->i->p1(a1)->p1(al+1)->...->p1(E(p1))->t, mau thudn. Vay phai c6 it nhat a1 gram
nguyén liéu p1. Chirng minh twong tw véi a2 gram p2, van van.

Vay, lat cat cuc tiéu twong (rng véi mot 1i gidi clia bai toan. Sé tién Bash nhan duoc trong 16i
giadi (rng va&i lat cat cuc tidu, dé thay, bang (-1) * 1at cat cuc tiéu. Do lat cat 1a cwe tiéu nén (-1) *
(14t cat cwe tiéu) chinh 14 sb tién I&n nhat ma Bash cé thé nhan dwoc.

Xt ly trong s6 canh am:

Tim X l1a mot s6 nguyén dwong dd Ién ma khi cdng X vao trong sb clia tat ca cac canh, dé thi
khéng cé canh véi trong sé am niva. C6 thé chon X = max( V(1), V(2), ..., V(N)) + 1

Do thi mai sé la:
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Khi do:
- Céatcanh s->isé twong wng vai viéc Pokenom i khdng vui, Bash nhan dwoc 0 tién, 0= -X
+ X = (-1) * (trong sb canh s->i bj cét) + X.
- Cét canh i->t twong (rng vé&i viéc Pokenom i vui, Bash nhan dwoc V(i) tién, V(i) =
-(-V(i)+X) + X = (-1) * (trong sb canh i->t bj c4t) + X
- V&inguyen liéu p, cat canh p(k)->p(k+1) twong (rng vé&i viec mua k gram nguyén liéu p,
Bash mét k2 * C(p) tién, - k"2 * C(p) = (-1) * (trong sb canh p(k)->p(k+1) bi cat) + X.
Suy ra sb tién I&n nhat ma Bash c6 thé nhan duoc la:
(-1) * (14t cét cuc tiéu) + X *N + X *m
trong d6 m 1a sb lwong nguyén liéu, tirc m 1a sb lwong sé nguyén td <= N,

Tim lat cat cwc tiéu:

Ngudi ta da chirng minh: lubng cuwc dai = lat cat cwe tiéu (max flow = min cost).
Do d6 dé tim lat cat cuc tiéu, ta tim lubng cwc dai la xong.

Tai liéu tham khao: http://vnoi.info/wiki/translate/wcipeg/Flows

Code tham khao:
https://github.com/acmicpc-vietham/acmicpc-vietnam.qithub.io/blob/master/2018/national/codes/
l.cpp
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