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Téng quan

Theo danh gia cla ban t6 chirc, d& ndm 2018 khé hon so v&i dé nam 2016 va 2017. So voi
nam 2017, 2 bai d& ndm nay (C va H) c6 cai dat kha don gian, cac ddi co thé lam xong trong 1h
dau va con 4h dé tap trung vao cac bai trung binh:

Bai A: Mac du la 1 bai co ban trén VOJ, tuy nhién v&i cach viét dé 1a tim 1 duwdng di tir A
dén B qua C (thay vi tim 2 dwdng di tir C dén A va B), da lam cho cac ddi rbi tri va
khéng nhan ra day chinh la 1 bai lubng mincost co ban. Tuy nhién bai nay ciing cé céach
lam rat don gidn chi can dung BFS hodc DFS théng thudng -- sé dwoc trinh bay chi tiét
hon trong phan 1oi giai.

Bai D: Nghi ra cach truy van véi O(logN) truy van co & khong kho véi rat nhiéu déi --

tuy nhién gi¢i han 30 truy van da khién cho nhiéu d6i phai dirng buéc véi bai nay. Trong
lc chuén bi dé& ban t6 chirc d& can nhac viéc cho cac doi thém 1 truy van (gitp bai toan
tr& nén don gidn hon rat nhiéu) -- tuy nhién sau khi can nhc can than, ban t6 chirc
nhan thay rang néu ting gii han 1&n sé c6 rat nhiéu doi khéng biét lam gi niva sau khi
da AC thém bai D.

Bai I: Day la 1 bai tap kha co ban tuy nhién doi héi cac ban phai ndm chac cac kién thirc
nhw KMP va Aho-Corasick. Ngoai ra cac ban ciing can doc ki dé ;).

Ngoai ra trong dé cé 2 bai kho gia dang bai dé:

Bai J: HAu hét cac ddi chi tim dwoc 2 dang dd thi thod man dé bai. R4t tiéc trén thyc té
c6 3 dang db thi.

Bai K: V&i dé bai ngan, hinh vé bat mat cong v&i tam giac chi cé 3 canh nghe c6 vé rat
don gian, mot s6 doi da lao vao bai K va dan dén két qua dau budn.

Ban té chtrc hi vong cac doi sé rat dwoc kinh nghiém cho nhivng Ian thi sau -- trwdc khi lam bai
can ti mi chirng minh thuat toan va xét truéng hop can than hon.


https://vnoi.info/problems/HIWAY/
http://vnoi.info/wiki/translate/wcipeg/kmp
https://cp-algorithms.com/string/aho_corasick.html

A - Amazing Adventures

Pham Ba Thai - P_not_equal_NP

Bai nay kha gibdng bai HIWAY trén spoj, nhwng “kht khodm” hon.
Cach 1: Lam twong tv HIWAY.

¥

G

@ @c € B B

C
{}
G

U G u

*
EE B B U

Khac bigt the nhét véi HIWAY 1a bai nay hai dwong di d6 chi chung nhau 1 dau. Giai
quyét bang cach thém 1 dinh phat s, ndi 2 canh lwu lwong 1 tr s vao B vatlr s vao G,
xem C la dinh thu.

Khéac biét thr hai la bai nay yéu cau méi dinh khéng cho qua 1 lwu lwong lubng di qua.
Ta tach dinh x thanh x in va x out, nbi x_in v&i x_out b&i 1 canh ¢co lwu lwong 1, canh
(x, y) trén dd thi dwoc xem |1a (x_out, y_in) va (y_out, x_in).

Chi phi clia cac canh ban dau la 1, cGa cac canh dwoc thém vao la 0. Dén day bai toan
tr& thanh HIWAY (tr s dén C).

Tim ludng cwe dai chi phi cuc tiéu trén dd thi, nhirng cung cé ludng tao thanh 2 duéng
di can tim.

Do chi ¢c6 2 1&n téng ludng nén dd phirc tap 1a O(M x N) = O(N?) v&i N = n* la sb dinh
clia d6 thiva M = 4N la sb canh. Nhan thém sb test thi dpt nay rat Ion, co thé dat can
cho ford-bellman do sb canh &m chi khoang O(n).

(D6 thi thu dwoc 1a vo hwéng nén sé hoi lam dung néu néi ludng. Tuy nhién mdi canh c6 thé
xem la 2 cung nguwoc clia nhau.)

Cach 2: C6 thém moét nhén xét quan trong, nén bai nay team minh lam kha nhanh. Sau day la
cach lam dé6 (dé cai d&t hon nhiéu so v&i cach 1).
Goi dwéng di tbt nhattr B — C — G 1a f(B,G). f(X,Y)tinh b&i:

Tim mét dwdng di ngén nhattr X — C.

X6éa hét cac dinh trén dwdng di vira tim dwoc (ngoai triv C).

Tim mot dwdng di ngan nhatty ¢ — Y .

Néu mét trong hai dwéong trén khong ton tai thi (X, Y) = null . Ngwoc lai, £(X,Y) la hop
cua hai dwong trén.



Két qua 1a dwong tét hon trong hai dwong f(B, G) va f(G, B) (duwdng null & xau nhét). Do
phtrc tap clia cach nay la O(n?).

Néu khong cé vat can thi thuat trén 13 dang vi day la dd thi lwéi véi cac canh co trong sé bang
nhau. Néu cé nhiéu vat can thi phai quay vé cach mdt ma théi. Khi cé mét vat can, sé di f(B, G)
bi sai vi c6 thé dwong ditr B — C da cat dit tinh lién thong cia G va C (xem hinh sau).
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Tuy nhién néu ta wu tién G truwdc thi khdng xay ra trwdng hop nay. Nhan xét quan trong & day
la néu ton tai két qua thi mét trong hai dwong f(B, G) va f(G,B) phaitimra, vi U khéng thé
ch&n cung luc ca hai dwoc (& hinh trén, U da chan mat 1 hwéng dity G — C).

Fun fact:

Ban t6 chirc da sinh khodng 100,000 test cho bai nay, gdm tat ca cac bang 4 x 4, cac loai bang
1 x N, 2x N va nhiéu loai bdng ngau nhién kich thwéc to nhd khac nhau. Do dé chi c6 thuat
chuédn méi cé thé AC.



B - Bipartite Battle

Nguyén Dinh Quang Minh - khan gia

Tro choi két thac khi d6 thi hién tai cé 0 dinh va 0 canh. Hién nhién day l1a mét trang thai thua.

Twong tw nhw céc trd choi té hop 2 ngwdi théng thuwéng, mot trang thai 1a thang khi va chi khi
tr trang thai nay coé thé di dén moét trang thai thua. Vay céng viéc clia chung ta la tim cac trang
thai thua.

D& giai quyét bai toan nay mét cach hiéu qua nhat, ta cé thé vé thtr mot sé d6 thi nhé rdi quan
sat, cudi cung chirng minh chat ché. Trén thuc té, nguwdi chiva da nhan ra dac diém cla cac
trang thai thua va chirng minh sau khi vé& cac do thi 2 phia cé khéng qua 4 dinh. Viéc nay tuy
don gidn nhwng tn mwc nén xin nhwdng lai cho cac ban doc.

Sau khi v& xong, khéng khoé dé nhan ra rang: mét trang thai la thua khi va chi khi s6 dinh va sb
canh chan (*). Ta sé chirng minh diéu nay bang quy nap.
1. Trang thai két thac trd choi ¢ sb dinh va sé canh chan (0 dinh, 0 canh).
2. Xét mét trang thai khong phai két thuc, gdbm » dinh va m canh. Theo gia thiét quy nap,
tat ca cac trang thai ma né dén dwoc déu thda man (*). Xét tinh chdn 1é ctia n va m:

e 1 chdn, m chan: néu ta x6a mét dinh thi sé dinh nhan dwoc sé 1a 18, ngwoc lai
néu x6a moét canh thi sd canh nhan dworc sé I 1&. Theo gia thiét quy nap, cac
trang thai di dén dwoc déu la trang thai thang. Do d6, day la trang thai thua.

e 1 chén, m |&: néu ta x6a mot canh, trang thai m&i sé cé n dinh (chan) va m — 1
canh (chdn), 1a mét trang thai thua. Do d8, n chdn m 18 1a trang thai thang.

e 1 18, m chén: néu ta x6a moét dinh c6 bac chan, trang thai mai sé c6 chan dinh
va chan canh. Ta can chirng minh dinh nay luén tén tai. That vay: do db thj 1a hai
phia, tén tai mot phia c6 1& dinh va mét phia c6 chan dinh. Xét phia c6 1& dinh,
néu tat ca cac dinh cta phia nay cé bac 1& thi tdng sé canh cla d6 thi sé la tbng
cla 1é sb 18, tirc 13 mot sb 18 - trai voi gia thiét m chan. Do dd, ton tai it nhat mot
dinh c6 bac chén. Nhw vay, » 1& m chan la trang thai thang.

e 1 18, m |& twong tw nhw trén, ta can chirng minh sy ton tai ctia mét dinh bac 1é.
Xét phia c6 chan dinh, néu tat ca cac dinh déu cé bac chn thi m sé bang téng
clia cac sb chén - trai vai gia thiét m 18. Vay » 18 m 18 |a trang thai thang.

T nhirng diéu trén, ta cé thé suy ra (*) dung véi moi trang thai.

Van dé con lai la dém sb cach thém cac canh dé trang thai nhan duwoc la trang thai thua. Viéc
nay vo cling don gian: néu tdng sé dinh ban dau 1a 1&, dap an 1a 0. Ngwoc lai, dap an la 27 ',
vGi p 1a tbng sb canh co thé thém, trong bai toan nay chinh la tbng cac a, x b, .



C - Conquest Campaign

Vwong Hoang Long - UET Map

Bai nay khoéng co gi dé viét ca, cac ban cir BFS tir cac diém da cho dan ra théi, véi méi lwot
BFS |&y ans = max(ans, distance) |a xong.



D - Dividing Doughnut

Vwong Hoang Long - UET Map

Foreword:

Chao céac ban, lai 1a minh viét bai interactive day =))).

Bai interactive lan nay thwc ra la mét bai ma ciing chi choi tay mét hdi s& nhan ra cach lam, chi
ban dau doc dé thay ciing hw ciu vai. Tuy vay, né khéng nhiéu AC nhw bai interactive tai
National (du d& hon?) do ban t6 chirc c6 mét cai bay kha hiém (Va minh trong gi&r da vé cung
au khi khong chiu test cai Grader). Anyway Sau day |a |i gidi cGia minh.

Solution:

*** note: trong cac lan + thi moi ngwoi tw thém mod 1079 vao dé cho ding nhé ***

Minh goi “Sprinkle” trong bai la keo nhé.

Vi méi nguwdi sé 1ay 5x 10° phan banh lién tiép, nén sé c6 1 dwdng cét chia banh gitra 2
nguoi. Minh dinh nghia ham F(X) = (sb keo trong doan X — X +5x10° — 1) — 4. Dau tién minh
tinh £(0), néu F(0) = 0 , xong. Néu F(0) > 0,d&t [/ = 0, » = 5% 10° — 1, néu khong thi dat
I =5%x10° va r = 10° - 1. Thém nira, vi 2 phan banh déu co kich thwec 1a 5 x 10° |, nén chéc
chén co6 ding 1 dau mut ctia dwong cat ndm trong mdi doan do dai 5 x 10° . Muc tiéu cla
chuing ta chi can tim dwoc 1 dau mat sé suy ra ddu mat con lai. Goi vi tri ddu mut can tim1a P .
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Ok, khdng mét tinh tdng quat, gid stv £(0) > 0 va L = 0, R = 5x 10* — 1. Dwong nhién
L+1<P <R (P'!=Ldo F() > 0).
Taco: F(L) > 0, F(R+1) < 0 (Theo gia st). Gio> mid = &£ . Ta xét 3 TH:
1) Néu F(mid)=0, xong, mid chinh la dau mut.
2) Néu F(mid)>0,kéthgpvei F(R+1)<4 taco mid+1<P <R .
3) Néu F(mid)<0, kéthopvoi F(L) > $tacd L+1< P < mid—1.

Minh sé& chirng minh cho cac ban két luan cla diéu tht 2, cai thir 3 twong tw nhé:
Tathdyrang F(R+1) < 0, ma F(mid) > 0 suyraténtai1vitri P ma mid+1<P < R+1 sao
cho F(P) = 0.Lydo: vigiatri 0 bi kep gira F(R+ 1) va F(mid), abs(F(i)—F@{i+1))<1.

N6i ré hon, ham F(X) dang Dwong, bay gi&> muén chuyén sang 4m, ma hiéu 2 ham lién tiép lai
< 1.Vay nén chéc chén phai di qua gia tri 0. Suy ra tén tai F£(P) = 0. (Gan gibng nhw

Lagrange Mean Value Theorem).

Chirng minh twong tw ta s& chirng minh dwoc két luan sé 3.



Vay véi diéu nay, bai toan co thé giai don gian véi ham solve chinh nhw sau:

Solve (L,R) {

If (L==R) => Done
Mid = (L+R)/2;
If (F(Mid) == 0) => Done

Else if (F(Mid) > 0) Solve (mid+1,R)
Flse Solve(L,mid-1)
}

Va ta goi Solve (0,1e9-1) dau tién.

Vi sau méi lan dé dai ctia doan déu gidm di it nhat mot nira + 1 don vi (do bd vi tri mid) nén sb
lan goi ham solve chi khodng 29 lan, + 1 1an trd I&i F(0) = 30 lan dung bang gi¢i han dé bai
nén solution dé& dang AC. (Chirng minh tai sao lai la chay 29 14n xin challenge cac ban )

Ok vay bai toan két thuc tai day, trong gi® cé kha nhiéu ban do cai hoi 4u mét chat nén da
khéng AC dworc bai nay (thira 1 2 truy van), kinh nghiém la cac ban nén viét Grader can than
cho céc bai interactive néu bi WA, vi viét Grader ciing khéng tdn nhiéu céng strc 1am, bu lai ban
c6 thé test bai Interactive vo cling dé dang. Trong gi® do chan d&i nén minh da viét 1 cai
Grader rat vé& van dan t¢i khong AC. O dwdi day 1a code minh, cé cd Grader chuan luén sau khi
vé nha, cac ban co thé doc tham khado. Hen gap cac ban & cac bai viét Editorial khac &3 From
Map with love @.

https://github.com/acmicpc-vietnam/acmicpce-vietnam.github.io/blob/master/2018/regional/codes/ideone
XOLNJE.cpp



https://github.com/acmicpc-vietnam/acmicpc-vietnam.github.io/blob/master/2018/regional/codes/ideone_X0LNJF.cpp
https://github.com/acmicpc-vietnam/acmicpc-vietnam.github.io/blob/master/2018/regional/codes/ideone_X0LNJF.cpp

E - Enjoying Elderberry

Bai toan gbc: lay y twéng tr viéc nhirtng doan code dwoc viét bdi ECMA Script 2015++ can dc
downgrade xuéng cac phién ban JavaScript (ECMA Script) cii hon dé c6 thé chay duwoc & cac
méi trwdng ko support JavaScript ban cao. Mét trong nhirng bai toan dé 1a 1am sao dé "thay"
toan bo cac bién ler thanh var may nghia cia code khéng thay dbi.

Ban c6 thé doc thém & day va demo & day.

Vi du doan code sau:

(1 <2){

a = 1;

console.log(a);

} {
a=2;
console.log(a);

}

Hai bién a & trwdng hop trén la khac nhau, nhung néu thay ler thanh var thi hai bién thanh
giébng nhau, nén moét trong hai bién phai dbi tén di.

Bai nay co s thay dbi, don gian héa cach hoat ddng cla let va var trong JS. Y twéng chinh la:
néu khai bao "var x" thi x cé tAm hoat dong la cai regular-function block gan nhat. Ngwoc lai,
néu khai bao "lerx" thi x c6 tdm hoat dong la cai block gan nhét.

Tét nhién, scope tracking ctia JS con phirc tap hon nhiéu, bai toan nay ciing da lwoc bd rat
nhiéu van dé rat Ién cta block-scoping transform, bao gdm Closure-problem va Temporal Dead
Zone.

Bai nay dwoc chuyén thé nhu sau:
e Cai cay chinh la cai Abstract-Syntax-Tree cua doan code.
Méi interval node (node khdng phai &) 1a mét block.
"BIG BRANCH" dai dién cho function body.
"SMALL BRANCH" dai dién cho mét block binh thwdng (mot block gitra hai dau { })
Nut gbc 1a 1 "BIG BRANCH" vi n6 dai dién cho toan bé cai code (c6 thé gai trong
function body).
“GIANT BIRD” dai dién cho mdt bién dwoc khai bao béng var .
e “TINY BIRD” dai dién cho mét bién dwoc khai bao bang ler.
e “BERRY” dai dién cho viéc moét bién dwoc st dung & dau do.


https://babeljs.io/docs/en/babel-plugin-transform-block-scoping
https://babeljs.io/repl#?babili=false&browsers=&build=&builtIns=false&spec=false&loose=false&code_lz=FASwZgBAFAjBA8EBMBKCBvYEIBsCmALhAIYQC8EMA3FhAMYD2AdgM4P4B0ODA5lMShoBfCHhws8GWviKkKSGtkat2eLr36DgQ4MBkkaYAK5M6BEMwhgoaTNnS5CJcpSr1mbTtz4CIOpR6q6j5aQkA&debug=false&forceAllTransforms=false&shippedProposals=false&circleciRepo=&evaluate=false&fileSize=false&timeTravel=false&sourceType=module&lineWrap=true&presets=es2015%2Creact%2Cstage-2&prettier=false&targets=&version=6.26.0&envVersion=
https://stackoverflow.com/questions/750486/javascript-closure-inside-loops-simple-practical-example
https://stackoverflow.com/questions/33198849/what-is-the-temporal-dead-zone
https://stackoverflow.com/questions/33198849/what-is-the-temporal-dead-zone

e Gia sir moi “TINY BIRD" déu thanh giant bird: gia st thay moi ler thanh var .

e “Controlled area” twong trwng cho block/function-body twong (’ng ma mét bién dwoc
khai bao.

e “BERRY” dwoc an bédi mét “BIRD” cé cuing label, va “BERRY” phai nam trong “controlled
area” clia “BIRD”. Dong th&i néu c6 nhiéu “BIRD” nhw vay, “BIRD” ¢ tAm kiém soat nhé
nhat chiém dc “BERRY” = mét bién luén refer dén cai localize gan nhét.

Ngoai trir rang budc khéng cé 8 bird cung label (chi cé dé backtrack), cac rang budc con lai
mang y nghia:
e M&i “BERRY” nam trong controlled area cua it nhat 1 “BIRD” cuing label -> bién phai khai
bao méi dung dwoc (du cai nay khéng han dung trong JavaScript).
e Khéng cé 2 bird cung label va ciing controlled area = ko thé c6 hai bién cung tén trong
mét scope.

Gio ta quay lai bai toan nay, & day minh sé trinh bay I&i gidi trén van canh bai toan JavaScript:

e Dau tién, ta can tim xem khi mét bién dwoc dé cap dén, né twong ng véi 1énh khai bao
bién ndo. Ta duyét AST theo chiéu sau hai lan: LAn mét sé& lwu lai véi méi scope
(block/function-block) nhirng bién dwoc khai bao trong scope dé. Lan hai, ta duyét cay
theo chiéu sau dé tim nhirng noi cé mét bién dwoc st dung, tim scope gan nhat ma tén
bién d6 dwoc khai bao dé xac dinh l1énh khai bao bién dwoc st dung dé.

e Gid ta sé chia cac nut Ia (cac 1énh khai bao bién va cac noi st dung bién) thanh cac
nhém, m&i nhém trng véi mot bién. Ta biét réng, khi ta dbi tén mot bién thi cd nhém nay
phai thay déi cung nhau.

e Nhan xét thém rang, kho tén bién hop & (xau ki tw gdm khéng qua 5 ky tw 1a rat Ién (
26> > 11 x 10°), nén mdi khi ddi tén, ta ludn déi sang mdt tén chwa ding dén, dé tranh
nhirng réc rdi vé viéc trung tén bién khéng dang co.

e Nhuw vay, ta sé thay rang cac nhom bién cuing tén sé dwoc x& ly doc lap va 1an lwot. Do
chi c6 tdi da 8 bién cuing tén, ta cé thé duyét qua toan bd tap con cac bién khéng duoc
ddi tén. Do mébi bién dwoc dbi tén déu mang tén doc lap, né sé khong gay ra rac rdi vé
viéc tring tén bién. Do d6 ta can kiém tra xem cac v&i cac bién gitr nguyén tén ci, né co
gay ra mau thuan hay 16i gi khang.



F - Fun with Fibonacci

Nguyén Dinh Quang Minh - khan gia

Nhan xét: mac du dé bai vo cung don gian, day |a mét bai toan doi héi nhiéu tang 1&p suy nght,
van dung nhiéu kién thirc toan, va cd mét chut “niém tin” (néu ban khéng chirng minh dwoc cu
thé). Do d8, khéng ngac nhién khi khéng doi nao giadi dwoc bai F trong gio thi.

Trwdce hét, ta can tim cach giai bai toan ma khéng can dung dén sé nguyén Ién. Dé y rang, voi
modulo M béat ki, day Fibonacci modulo M [udn 1ap lai sau mét chu ki nao dé. Day lap lai sau
chu ki d khiva chikhi F(d)% M = 0 va F(d+1)%M = 1.Takihiéu W(M) la do dai chu ki
bét ki ctia day Fibonacci modulo M . Hién nhién, moi boi cia (M) déu |a dé dai chu ki thda
man.

Theo dinh nghia, ta cé:

G(K, N)% M

F(GK -1, N) %M

F(G(K —1, N) % ¥ (M)) % M

F(F(G(K =2, N)) % Y(M)) % M

F(F(G(K =2, N) % ¥(¥(M))) % Y(M)) % M

Dén cubi cung, ta sé phai tinh F(N) theo modulo W(P(¥(...¥(M)...))). Ban cé thé ngac nhién,
nhwng ta c6 thé dwng ham ¥ sao cho W(¥(¥(...¥(M)...))) khdng qua I&n. Hay chirng minh tai
sao.

Trwdce hét, ta cd mot sb bd dé sau:
1) Néu ged(p, ) = 1, ¥(pg) = lem(¥(p), ¥(9))-
2) Néu p la sb nguyén tb, ¥(pb) | p*~'¥(p) .
Viéc chirng minh xin nhwdng lai cho ban doc (gei y: dinh ly thang dw Trung Hoa).

Gio ta chl y t6i ¥(p) v&i p nguyén t6. Trudc hét, dé dang tim dwoc ¥(2) = 3 va ¥(5) = 20.
Ta chirng minh 2 diéu sau:
1) N&u p =1 (mod 5) thi F(p—1) = 0 (mod p) va F(p) = 1 (mod p), do dé ¥(p)|(p—1).
2) Néu p =+2 (mod5) thi FQ2p+2)=0 (modp) va F(2p+3) = 1 (mod p), do d6
Y(p)|(2p+2).
Dé chirng minh (1) va (2), ta str dung déng thirc quen thudc ding véi moi n > 0:

0
_FI:H,:I _ gl—n * Z (I);Ifl l);.l,

k=0



Ngoai ra, ta cé: 5 = (%) (mod p) la ki hiéu Legendre cia p theo modulo 5, do do:
p=t1(mod5) = 5%1 = 1(mod p), va p == 2(mod 5) = SL;l =— 1(mod p) .

V&i p =+ 1(mod 5) , ta co:

p—1\_
(-3;‘- N 1) = —1 (mod p)

(véi moi £ thdamén 2k+1 < p—1)

Suy ra:
: T — .
Fip—1)= 2% ZSL =25y — =0 (mod p)
k=0
Mat khac:

(‘;)) =0 (mod p)vk ¢ {0, p}
(theo dinh ly Lucas)

Suy ra: F(p)=2"7 x 5% = 1(mod p) .
Vay (1) dwgc chirng minh.

Twong tw, v&i p =+ 2(mod 5), ta co:
F(p)=2"7 x5 = 1(mod p)

Mat khac:
+1
(‘” L ) =0 (mod p)vl <k <p

(cling theo dinh ly Lucas)

Suy ra:

1 . +1 bt
Flip—lﬁzﬂ_f’*((p_ )*5”—(‘” )*5: )
: 1 P :

=27 x(p+1)x1+(+1)x=1)=0 (mod p)

=F@p+2)=F({p) + Fl(p+1)=1 (mod p)

T d6 ta co:
FQp+2)=F(p+2)° —F(p)’ =0 (mod p)
FQp+3)=F(p+1Y+F(p+2) =1 (mod p)



Vay (2) dwoc chirng minh.

T cac chirng minh trén, ta dinh nghia ham Y¥(p) nhw sau:
Y(Q2) = 3, ¥(5) = 20,

Y(p) = p—1voip =1 (mod5) va p nguyén té,

Y(p) = 2(p+1) v&i p=t2 (mod 5) va p nguyén t6,

Y(pq) = lem(¥(p), ¥(¢)) néu p, ¢ nguyén t6 cung nhau,
Y(p*) = p*~'¥(p) néu p nguyén tb.

Xétmotsd M = p, % x p,% x ... x p,% V&I a,ay,...,a;, >0 va p, <p, <..<p,.Khidotaco:
WY(M) = lem(p,™ x ¥(p,), p,"> x ¥(P2), ..., p > ¥(py)).

Goi P(x) la thira s6 nguyén tb I&n nhat clia x. Gid s¢¢ P(M) = p, > 7, ta dé dang chirng minh
dwoc P(¥(p,) < p, vOimoi i. Do dd P(¥(M)) < P(M).Diéu nay cé nghia la, néu ta thay M
thanh ¥(M) thi sau mét sé hiru han budc (it hon sb thira sé nguyén té ctia M ), s M chi gém
cac thira sb 2, 3 va 5. Gia st & bwéc do ta co M = 293°5¢ thi

YM) = lem(2* " x 3,371 x8, 5 x 20) = 2°3V57, voi

x = max(3, a—1), y = max(1, b—1), z = ¢. Nhw vay, sau mét it budc (cu thé 1a

max(a—3, b—1) bwdc), M sé codang 2° x 3x 5 = 24 x 5 thdaman ¥(M) = M.

N6i tém lai, ta s& tinh ¥(M) theo dinh nghia cho dén khi M cé dang 24 x 5¢, khi d6 bai toan
cua chung ta sé tr¢ thanh:

Tinh F(F(.F(N) % M...)% M) % M ,v&i M = 24 x 5

Trwédc hét, ta nhan thay véi gidi han cia dé bai, c khong thé vuot qua 8, do d6 M khong vuwot
qua 24 x 5% = 9375000 . Ngoai ra, chi co 9 gia tri c6 thé clia M . Do vay, ta sé tim cach chuan bj
trwdc cho ca 9 gia tri nay trwdc khi tra 16i cac truy van.
Xét mét gia tri M cb dinh, néu ta dwng mot db thi gdm M dinh dwoc danh sb tv 0 dén M — 1,
va cac canh cé hwéng tir dinh « dén dinh (F (1) mod M), thi ta cAn tim dinh th& K trén duong
di xuét phat tr N . Hién nhién, db thi nay gébm mét vai chu trinh va cac dinh khéng thudc chu
trinh thi cé canh hwéng vé phia chu trinh. Néu ta cé thé tinh dwoc véi méi dinh u céac gia tri
sau:

a) Dinh d4u tién thudc chu trinh trén dwong di tw u

b) Sébwoc tir u dén dinh do

c) D6 dai chu trinh
Thi ta s& tinh dwoc dap an néu nhw sé bwéc tir u dén chu trinh khéng I1én hon .
Tét ca cac dai lwong trén déu cé thé tinh rat dé dang.
Vay néu & nhé hon sb buwédc tir u dén chu trinh thi sao? Thoat nhin, ta c6 thé nghi rang s
bwéc tr « dén chu trinh cé thé 1&n dén M bwdc, tuy nhién véi M = 24 x 5°, ta hoan toan cé thé
chirng minh dwoc gia tri nay thwe ra chi [én dén 4 ma thoil
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Phan chirng minh kha dai dong, nguwdi chiva xin phép lwoc bd & day va coi nhw mét bai tap cho
ban doc.
Tém tat hwéng chirng minh:
Goi d(n, M) 1a khodng céach tir dinh » dén chu trinh trong dé thi véi modulo M .

- V6ic=0, M = 24, tim dwoc max cac d(n, 24) bang 4.

- Ching minh F(24p+r) = F(24q +7r) (mod 5°) ¢ p=q (mod 5°).

- Twddésuyra dn, M) = d(nmod?24, 24) = maxdn, M) = 4 v&imoi M = 24 x5°.
Tém lai, xuat phat tir dinh N, ta chi cn nhay tirng buéc cho dén khi dinh hién tai thudc chu
trinh, sau d6 tra I&i trong O(1) véi dap an dwoc chuan bj san.

Code d& AC clia ngudi chiva co thé tim thay &
https://github.com/acmicpc-vietham/acmicpc-vietnam.qithub.io/blob/master/2018/regional/codes
[funwithfibonacci.cpp.



https://github.com/acmicpc-vietnam/acmicpc-vietnam.github.io/blob/master/2018/regional/codes/funwithfibonacci.cpp
https://github.com/acmicpc-vietnam/acmicpc-vietnam.github.io/blob/master/2018/regional/codes/funwithfibonacci.cpp

G - Grab a Graph

L&i gidi : Tran Tan Phat (Send Bobs to Alice)

Baitoan1: N < 72, M < 2525.

Dwng dd thi day a0 » dinh véicanh i — j cotrongsd j — i, sé co 2" ' dwong di ngén nhat
khac nhau tr i dén n. Sau d6 thém 1 dinh bat dau, dwa vao dang nhj phan cia 4 dé thém vao
cac canh phu hop.

Sé dinh st dung: n = 61, m < 60 x59/2 + log,(4) = 1830.

Baitoan 2: N < 88, M < 214.
Zeckendorf's theorem: M&i s6 nguyén déu cé thé dwoc biéu dién dwdi dang téng clia 1 sb sb
Fibonacci.

Pau tién tao canh tlr 2 — 1 v&itrong sb 1, sau dé véimdi i > 3, taocanhtly i — i — 2 V6i
trongs6 2, vacanhtly i — i — 1 v&itrong sd 1. D& thay tlr i dén 1 cd fib(i) duwong di khac
nhau véi fib(1) = fib(2) = 1. Dwa vao két qua phia trén, thém 1 dinh bat dau va 1 s cac canh
phiu hop (gidi han bai toan 2 chat, can dung 87 sé fibonacci dau tién nén chi cé thé dung thém 1
dinh bat dau)

Sé dinh st dung: n = 88, m < 86 + 87 + 86div2 = 214.


https://en.wikipedia.org/wiki/Zeckendorf%27s_theorem

H - Hydra's Heads

L&i giai: Dinh Nguyén Khéi (HCMUS - Intimidate)

Bai H nay ta hoan toan c6 rat nhiéu huéng tiép can. Cach tiép can “khde” nhat d6 chinh la st
dung BFS. Xuét phat tir trang thai ban dau |a con réng chicdé H dauva T dudi, ta BFS trang
thai dé theo dé bai va dirng cho dén khi # = 0 va T = 0. Tuy nhién, néu nhw c& v&i méi test
ta déu BFS nhuw vay thi kha nang cao sé bi Time limit néu cai dat khéong khéo. Vi vay, mét cach
an toan dé ta c6 thé nghi dén d6 la ta duyét moi trang thai (4, T), mdi bién chay tir 1 dén 100,
véi mbi trang thai nhw vay ta st dung BFS va lwu cac trang thai dé vao mang hang. Viéc duyét
nhw vay khéng lau (chi mat clia ban tdm 15 gidy chd doi la da c6 dwoc bang hang rbi), sau d6
copy mang hang nay vao source code chinh ctia ban. Nhw vay cir véi mbi bd test ban in ra gia
tri trong mang hang twong tng thdi. D6 phirc tap O(T) véi T 1a sb lwong bo test.

Fun fact: Trwong hop -1 sé khdong bao gio xay ra.

DPanh gia bai H: Bai H nay thuc té ta con mét cach dung toan hoc cac kiéu, tuy nhién viéc ding
toan hoc dé tim ra 1&i giai cling khéng phai la chuyén dé nhw &n keo va ta s& méat nang lwong
vao viéc phai may mo céng thirc. Thay vao dé, chi can duyét BFS, khéng can dung no, code
ciing khéng dai la da co thé giai dwoc bai H. Dbi véi nhivng bai d& nhat @& nhw bai C hoac bai
H, thi viéc tdn ndng lwong vao ching la thuwe sw khéng can thiét.



| - Insider's Identity

Nguyén Diép Xuan Quang (ddi HCMUS-Intimidate)

Ki hiéu trong 1&i giai
e |S|:dddaixau S
e S[i, j]: xa4u con ttr vi tri i dén vitri j cGa S

Phan tich ban dau

Trwédc hét, ta cAn chi y mot gi¢i han quan trong trong dé bai: sé lwong ki tw 1 chiém it nhat mot
nla xau P . N6i cach khéac, goi K l1a sb lwong ki tw * trong xau P . Tacd K <|P|/2. Ma theo
dé bai, |P| <30,nén K < 15.

V&i gi¢i han K nhd nhw vay, ta cé thé sinh tat ca 25 xau thda man xau P va cé do dai la |P|.
Goi tap xau nay la T, . Bai toan bay gi¢ tré thanh: Dém xem c6 bao nhiéu xau S c6 doé dai n
va it nhat mot trong céac xau clia tap T, la xéu con cla .

Baitoanconvoi K = 0

Trwdc hét, ta sé gidi quyét mot bai toan con cia bai toan trén: gia sir K = 0. Bai toan sé tr&
nén don gidn hon: D&m xem c6 bao nhiéu xau S cé dd dai n va nhan xau P 1am xau con.

Dé giai quyét bai toan nay, ta can hiéu cach ma thuat toan KMP hoat ddng. Néu ban chwa biét
vé KMP, cac ban cé thé tham khao bai viét tai: http://vnoi.info/wiki/translate/wcipeg/kmp.

Ta sé st dung thuat toan quy hoach dong vé&i y twdng twong tw thuat toan KMP.

Trwédc hét, ta cn xay dwng bang nxt[i][¢] nhuv sau:
o Néui < |P|vaP[i] =cthinillc] =i+ 1
e Nguoc lai, goi T la xau P sau khi thém ki tw ¢ & duéi. Khi do, nxi[i][c] 1a sb nguyén x
I&n nh4t sao cho hau té thtr x cGa T trung véi tién td thir x ctia P (ndi cach khac,
P[0, x—1] = Tli-x+1, i]).

Bang nxt ¢ y nghia twong tw ham = trong bai viét trén

Khi d6, goi dpl[i][j][contain] 1a sb lwong xau S :


http://vnoi.info/wiki/translate/wcipeg/kmp

e Cododaii

e Dakhdp duwoc j vitri dau tién véi xau P

e contain = 1 cd nghia la: xdu S da nhan xau P lam xau con. contain = 0 c6 nghia la:
xau S chwa nhan xau P lam xau con.

V&i méi trang thai dp[i][j][contain], ta duyét 1an lwot ki tw O va 1 (goi ki tw dang duyét 1a ¢) va
ther dat ki tw nay vao vitri i + 1. Ta can cap nhat trang thai quy hoach dong nhw sau.
o Goi x = nxt[i][c].
e Goi newContain v&iy nghia: newContain = 1 néuxau S + ¢ s& nhan P lam xau con,
ngwoec lai thi newContain = 0.
e Néu x = |P| thi cd nghia la xAu P d3a xuét hién trong xau S tw vitri i — |P| + 1 dén vi
tri ;. Khi d6, newContain = 1. Nguoc lai, newContain = contain .
e Ta cap nhat dp[i + 1][x][newContain] += dp[i][x][contain] .

Dap an can tim 1a téng dp[n][j][1] v&i moi j tr 0 dén |P|.

Do phtrc tap cla thuat toan nay la O(n x |P|).

Tr& lai bai toan ban dau

Ta sé tré lai bai toan ban diu: Pém xem cé bao nhiéu xau S c6 dod dai » va it nhat mot trong
cac xau cuatap 7T, laxauconcia S.

Trwdc hét, ta co thé mé rong thuat toan quy hoach dong trén béng cach lwu trir sb ki tw da
kh&p cho ca 2K xau trongtap 7, . Viduy, véi K = 2 thi trang thai quy hoach dong sé la
dp[illjo1U 10,1 s 1[contain] , VGi jo, j1s ja» j5 18N Iwot 18 sO ki tw d& khép voi xau

Tp[0], Tp[11, Tp[2], Tp[3], VA contain nhén gia tri 1 néu xau S chira it nhat mét trong cac xau
thudc tap T, hoac 0 néu nguoc lai.

Tuy nhién, néu lam nhw vay thi sb lwgng trang thai quy hoach déng sé la 2 x n x |P |2K , qua lén
dé c6 thé chap nhan dwoc. Do dd, ta cAn tim mot cach biéu dién khac thay thé cho day chi s
trong trang thai quy hoach déng trén.

Dén day, ta sé sir dung mét cau tric automaton (finite state machine - may trang thai hiru han).
Vé ban chét, automaton nay la mét cay tién td (trie) biéu dién mot tap xau 7', mbi dinh sé twong
&ng v&i mét xau 13 tién té cha it nhat mot trong cac xau thude tap 7' (va ciing twong (rng mot
day chi sb j hop 1&). Ngoai ra, tai mdi dinh con lwu tri¥ thém cac théng tin sau:

e suffix_link cha dinh u |a canh ndi dén hau t6 hop 1& dai nhat (longest proper suffix) cta

u.



nxt[c] cGa dinh u 1a canh ndi dén hau t6 dai nhéat (longest suffix) cia u + ¢ (y nghia cla
day nxt nay gibng véi bang nxt dwoc dé cap trong muc trwéc).

Automation cé thé dwoc xay dwng bang thuat toan Aho-Corasick trong do phirc tap O(L) vé&i L

la tdng d6 dai cac xau trong tap. Cac ban cé thé tham khao thém vé trie, vé automaton, thuat
toan Aho-Corasick trong bai viét: https://cp-algorithms.com/string/aho_corasick.html

Khi da xay dwng dwgc automaton, trang thai quy hoach dong sé tré thanh dp[i][u][contain] v&i
u 1a chi sé cla dinh trong automation (i va contain van gitr nguyén y nghia).

Vé&i mbi trang thai dp[i][u][contain], ta cling duyét ¢ 1an lwot la ki tw O va 1 va cap nhat trang
thai quy hoach déng nhuw sau.

Goi x = nxt[c] (v&i mang nxt thudc dinh u).

Goi newContain v&iy nghia: newContain = 1 néu xau S + ¢ sé nhan it nhat mét trong
cac xong thugc téap 7', lam x&u con, nguoc lai thi newContain = 0.

Néu dinh u biéu dién mot xau thudc tap T, thi newContain = 1. Nguwoc lai,
newContain = contain .

Ta cap nhéat dp[i + 1][x][newContain] += dp[i][u][contain] .

Dap an can tim 14 téng dp[n][u][1] v&i moi u tlr 0 dén sb lwong dinh trong automation.

Do phirc tap: OV = 25 * |P)).


https://cp-algorithms.com/string/aho_corasick.html

J - Jurassic Jungle

Trwédc hét ta can tim nhivng loai dd thi nao thoa man diéu kién dé bai.

Xét dd thi sau:

Tim 1 chu trinh Hamilton H bat ky: ABCDEFG...H
Xét 1 canh bat ky khéng thudc chu trinh H. Dat d |a khodng cach gitra 2 dinh trén H.

Trong hinh vé tréntacé canh 4 —F voi d = 4.
Ta thay c6 chu trinh BCDEAH.......GF nén c6 canh BF , do d6 tat ca cac canh d déu ton tai

CoO BFEAH...GCD = BD tbntai = titca cac canh d — 2 déu ton tai
C6 AEFBCDH....G = AG tobntai = tatca caccanh d + 2 déu ton tai

Néu d chén thi tAt ca cac canh chdn déu ton tai = 2 tontai = AEDCBH...GF = ton tai
hay d + 1 ton tai hay tat ca cac canh & ton tai.

Néu d 18 n & thitacotatcdcaccanh 1,3,...n. — 2 tbntaihay n — (n — 2) = 2 ton tai = tat
cé cac canh chén ciing ton tai.

Vay két luan dwoc 1a ngoai trir n chdn d 18 thi néu dd thj c6 thém 1 canh ma 4! = 1 thiludn
sinh dwoc full graph. Trwéng hop n chan d 1& chinh 14 full d6 thj 2 phia /2 dinh méi bén.



K - Kingdom of Kittens

L&i giai: Nguyén Khanh (UET - Map)

Bai nay cé rat nhiéu I&i giai, trong d6 10 gidi ma viét hét trudng hop can xét ra |a dé tiép can
nhét.

Trwde hét, dé bai khdng néi gi dén viéc cac diém da cho cé phan biét hay khong. Vi vay, viéc
d4u tién can 1am 14 loai di cac diém bj trung.

Loi gidi nay sé dwa trén mot vai nhan xét ma dé dang quan sat duoc:
e Tap diém da cho phai tao thanh mét da giac 16i nghiém ngét khéng quéa 6 dinh
e Moi diém trong tap diém da cho phai nam trén canh cta bao 16i néi trén

Goi A4 la bao 16i ni trén va n la sb dinh ctia 4. Ta sé di tim cac cach vé tam giac chira tat ca
dinh cla hinh 4 ; cac diém ma khoéng phai dinh clia 4 sé dwoc x( ly riéng.
e Néu n < 3, hién nhién vé& dwoc mot tam giac di qua tat ca dinh cta 4
e V&in = 4,cod 3 cach dé vé mot tam giac di qua 4 dinh:
e Ca ba canh cla tam giac déu di qua 2 diém (khéng mét tinh tdng quat, gia st di
qua A4,4,, 4,45 va A5A,):

e (b2 canh di qua 2 diém va canh con lai di qua 1 diém:



A4

Al

e Co6 1 canh di qua 2 diém va 2 canh di qua 1 diém:

A2

C6 thé thay rang, ta luén vé& dwoc cach 2 va 3 va cach 2 ludn tét hon cach 3.
e Khin =5,cd2cach vétam giac:
e Co6 3 canh di qua 2 diém:

Al

A2
A3

e Co6 2 canh di qua 2 diém va 1 canh di qua mot diém:




e Trong trwdng hop n = 6, chi c6 mot cach vé, trong dé 3 canh cla tam giac déu di qua 2
dinh cta A:

=
n

A3 Ad

Lwu y ¢6 nhiéu trudng hop v& ma khéng tao thanh tam giac, vi du trong cach vé 1 clia n = 4:

Ta can phai kiém tra xem v&i cach chon canh da giac hién tai, c6 thé vé dwoc tam giac khong.
Viéc kiém tra vo cuing d&, dé danh cho ban doc.

Fun fact

Day |a mot bai toan mai nhin qua thi rat don gian nhwng trén thue té lai kha khé do cé rat nhiéu
trwdng hop. Ban td chirc da sinh khodng 1,000,000 test vo cting da dang cho bai nay (10° test,
méi file input c6 chra rat nhiéu test).

Dwéi day |a 1 sb test ma cac team bj sai:

e Test c6 8 diém tao thanh hinh vuéng (méi dinh hinh vudng c6 2 diém):



A3 |A4 A8

@) ® A7
A2 A6
@) @)

Al A5

e Test 6 diém tao thanh ban bi-a. Day 1a 1 trong nhirng test khé nhat do rat dé xét nham
thanh trwong hop trén:

A6 A5 A4
O O @
Al A2 A3
@ @ @

o Test giét doi Han Qubc "Teeeeeeeeeeeeemo needs blue buff" -- ddi da dung vai trdm
nghin test cho dén test nay:



Point

Al = (7, 8)
A2 = (6,0)
A3 =(8,2)
A4 = (4, 8)
A5 = (8, 3)
A6 = (7,0)

Ad Al
@ @
A5
@
A3
@
A2 |Ab6
@ @
“ 5 6 7 8



L - Lazy Learner

Bai toan md&i nhin qua rat 1ang nhang phurc tap, tuy nhién néu ta ti mi suy nghi tirng buéc sé
thay rat don gian.

D4u tién ta nhan thdy néu xau P la subsequence cla substring S,...S,, thind clng la
subsequence cla tat ca cac substring S,...S,, v&i > r. Day cling chinh 1a tw twéng chinh cuia
bai toan. Khi ta ¢6 dinh L, ta cé thé kiém tra subsequence va tra |&i cac truy van (L, R). Cu thé:

e Xét cactruy van cé cung L.
o Khicb dinh L, véi mbi xau con, tinh £(7) la vi tri R nhé nhat ma xau con i 1a
subsequence cta [L, R].

o Xét cac sw kién:
m Truyvan & R.
m Co6 1 xau con i la subsequence cta [L, R]

o X ly lan lwot cac event nay theo R tang dan. Ta can thuc hién 2 loai truy van:
m Thém 1sd x vao cau truc di¥ liéu.

e Chuy ta cé thé sép xép lai tat ca cac xau, rdi dung chi sé trong
mang da sap xép, thay vi st dung xau -- nhw vay cau tric di liéu
cta chung ta chi can lwu sb (thay vi xau) — gidm d6 phirc tap
thuat toan cling nhw cai dat don gian hon.

m Timsb lén thr K trong cau truc dir liéu.
e —Ppt: Oxlog + |S|xN xlog + S x (tdng d0 dai xau con)

Trong bai nay ta cé thé str dung nhiéu c4u tric dir liéu khac nhau:
o Fenwick tree: Code chemthan, Code RR.
e Segment tree: Code cla team ftrie.
e C++ ordered set: Code clia ban Nguyén Xuan Tung.



https://vnoi.info/wiki/algo/data-structures/fenwick
https://github.com/acmicpc-vietnam/acmicpc-vietnam.github.io/blob/master/2018/regional/L/chemthan.cpp
https://github.com/acmicpc-vietnam/acmicpc-vietnam.github.io/blob/master/2018/regional/L/RR.cpp
https://vnoi.info/contributor/algo/data-structures/segment-tree-extend#_=_
https://github.com/acmicpc-vietnam/acmicpc-vietnam.github.io/blob/master/2018/regional/L/segment_tree.cpp
https://github.com/ngthanhtrung23/ACM_Notebook_new/blob/master/DataStructure/STL/order_statistic.cpp
https://github.com/acmicpc-vietnam/acmicpc-vietnam.github.io/blob/master/2018/regional/L/stl.cpp

