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MGt s6 van Dé Pdng chii ¥ trong mon tin hoc

LOI NOI PAU
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VAN PE: DUYET NHANH CAN.

Duyét nhanh cn 1a phuong phép phd blen str dung Dé giai quyét mot sb luong 16n cdc
bai to4n tin, Dic biét 1a cic bai todn thuc té. Ciu tric cta chwong trinh duyét nhdnh can
Puoc mo ta so Iugc nhu sau:

Chon mbét nghiém cua bai todn lam cén (c)
Thuc hién budc duyét tht i
- Néu i 1la budc sau budc cubi cung thi kiém tra nghiém méi tim Puoc

va cdp nhat can (c), ghi nhan mét nghiém tbt hon cua bai toan.
- Sau budc duyét tht i, kiém tra nghiém sé& tim DPuoc cé khd ndng tét
hon can (c) hay khéng - goi 1a Piéu kién nhanh can. Néu cbé goi thuc

hién budc tht i+l. con khéng thil quay lai budc i-1.

Hai yéu t6 quan trong ctiia chwong trinh 13 cin (c) khéi tao ban Pau va Diéu kién
nhénh can. Viéc chon mdt can (c) va Piéu kién kiém tra nhanh can t6t s& gitip buoc duyét
tranh Di vao nhitng huéng ma chic chan khong tim ra Puge két qua t6t hon. Didu ¢6 anh
anh huong tryc tiép Dén Do hiéu qua ctia chuong trinh.

Duéi Day ta xét mot s6 cach kiém tra nhanh can hay dung thong qua céc bai todn cu thé.

Bai todn: Chu trinh Hamilton nhé nhét.
Cho D06 thi v6 hudng G. Moi canh Pugc gan mdt trong s6 nhat Pinh (I16n hon 0), tim
mot chu trinh Di qua tat ca cac Pinh, mo6i Pinh mdt 1an va c6 tong trong s6 nho nhat.

Goi y: Duyét nhanh can la phuong phap duy nhat Dé giai quyét bai todn néu trén.
Chu trinh Pi qua N Pinh s& bao gdm N canh. Gia sir tai budc thi i, P Pi qua k canh va
con n-k canh nita cin phai Di qua thi Diéu kién Dé Bi tiép budc thir i+1 1a
s(k) + (n-k)*minc < smin
Trong D6:
- s(k) 1a tong chi phi cua k canh Ba Bi qua
- minc 12 trong s6 cua canh nho nhit trong s6 cdc canh con lai chua Puoc Pi qua
cta D thi.
- smin Ia tong trong s6 ciia mdt chu trinh D3 tim Pugc nhung chua tdi wu. C6 thé
khéi tao smin ban Dau 12 mét sb vo cung lon.

Bai todn: Xép valy.

Mot va ly c6 thé chira t6i Da W Pon vi trong lugng. C6 N loai P6 vat, s6 luong mdi
loai khong han ché. Loai Do vat thir i ¢6 trong luong A; va co gia tri C;. Hoi nén chon
nhiing loai Do vat ndo va s luong bao nhiéu Dé xép vao va ly sao cho:

- tong trong lwong cua cédc vat khong vuot qud gidi han W cua valy
- tong gid tri cia cdc vat 12 16n nhat

Goi Y: Véi mbi loai Do vat i, goi T; 1a gid tri riéng ctia né: T; = C; / A;. Sau D6 sip céc loai DO
vt theo thir tyr giam dan cua T,

Phuong phdp duyét nhanh can tai mdi budc duyét loai bo vat i, ta léy k D6 vat loai
nay, khi D6 Diéu kién Dé duyét tiép loai DO vat i+1 (Diéu kién nhanh can) la:
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- k*Ai <=Ww
- s() + k*C; + (w - k*A)*T; > smax
Trong Do:
- wlatrong lugng ma valy c6 thé chira thém sau budc duyét loai Do vt i-1
- s@)la tong gid tri hién Dang c6 cua valy sau budc duyét loai Do vat i-1
- smax la tong gid tri valy cua mot cdc x&p Da tim Puoc nhung chua t6i uu. C6
thé khi tao smax ban Dau bang 0.

Bai todn: Xau ABC.
Tim mot xau chi gém cac ky tu A,B,C sao cho
- Co6bd dai N cho trudoc (N<=100)
- Hai Poan con bét ki lién nhau Déu khac nhau (Poan con la mdt day céc ky tu
lién tiép cua xau).
- C6itky ty C nhat

Goi §: Ta c6 nhan xét trong 4 ky ty lién tiép ludn c6 it nhat mot ky tu C.

Do D6 Piéu kién nhénh cn tai budc duyét ky tu i ciia xau la
- xau cdiky ty Ba tao Pugc khong ¢6 2 Poan con lién tiép trung nhau.
- s(i) + (n-1) div 4 < smin

Trong D6

- s(i)1asd ky tu C Ba dung Dé tao xau i ky tu

- smin la s0 ky ty C cua mot xau khdc thoa mén 2 yéu cau Pau cua D& bai nhung

chua t6i wu. C6 thé khéi tao smin ban Dau 1a mot s6 Bu 16n.

Luyén tap:

Bai todn: Tour du lich ré nhat (TOUR)
Mot khu thdng canh gom n Diém DPédnh s6 tir 1 téi n (n < 100) va m Duong Di hai
chiéu gitra cac cap DBia Diém Do, chi phi Di trén cac Buong i 1a biét trude (< 10000).
Mot Tour du lich 1a mgt hanh trinh xuat phat tir mot Pia Biém Di tham > 2 Dia Biém khac
va quay tré veé Diém xuat phét, ngoai trir Pia Diém xuat phét, khong Dia Diém nao bi tham
toi hai lan. Chi phi cia mot Tour du lich 1a tong chi phi cic quang Puong Pi qua.
Yéu ciu: Hiy tim Tour du lich ¢ chi phi ré nhit.
Dir liéu: TOUR.INP ’
Y Dong 1: Ghi hai s6 nguyén duong n, m ’ ’
¥ m dong tiep theo moi dong c6 dang x y c. Cho bict c6 Puong Di tryc tiep noi Dia
biém x véi Dia Biém y va chi phi Bi quang Puong D6 lac.
Két qua: TOUR.OUT
Y Dong 1: Ghi s6 1 néu nhu ton tai hanh trinh theo yéu cau, ghi s 0 néu khong ton
tai hanh trinh.
Néu dong Dau tién ghi so 1:
Q@ Dong thtr 2 ghi chi phi cua tour tim Pugc
Y Dong thir 3 ghi s0 k 1a s6 Pia Diém tdi tham
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¥ Dong thir 4 gdm k sd, s6 thir i 12 Pia Diém t6i tham thi i trong tour, quy udc Pia
Diém tham Pau tién 12 Pija Piém xuit phat, Dia Piém tham tht k (Pia Piém cubi
ciing) 12 Pja Piém ma tir D6 quay trd lai Diém xuét phat Dé két thic hanh trinh.
Céc s6 trén mot dong ciia Input/Output File Puoc ghi cich nhau it nhat mot ddu céch.

Vidu:

TOUR.INP | TOUR.OUT
510 1
132 10
242 5
352
215 35241
522
1210
239
3410
458
519
Bai todn: Robot ciru héa - HSG QG 2007 (QBROBOT)

Trén mot mang ludi giao thong c6 n nit, cdc nit Puoc Pdnh sb tir 1 Pén n va giita
hai nit bat ky c6 khéng qua mot Puong ndi truc tiép (Pudng nbi truc tiép 1a mot Puong
hai chiéu). Ta goi Puong Di tir nit s Dén niit t 12 mot ddy cédc niit va cidc Puong nbi tryc
tiép c6 dang:

S =uy, €1, Up,..., Uj, €, Uit1, .., Uk1, €1, Uk =1, ) )
trong D6 uy, uy, ..., ug 1a cdc nit trong mang ludi giao thong, ei la Puong ndi tryc tiép
gilra ndt u; va ujy; (khdong c6 nut uj nao xuat hién nhiéu hon mat lan trong day trén, j = 1,

. k).

Biét rang mang lu6i giao thong Puoc xét ludn c6 it nhat mot Puong Pi tir ndt 1 Dén
nut n.

Mot robot chira Pay binh véi w Pon vi ning luong, can Pi tir tram ciru hoa Pt tai
niit 1 Dén noi ‘xay ra hoa hoan ¢ nut n, trong thoi gian it nhét c6 thé. Thoi gian va chi phi
ning luong Dé robot i trén Pudng ndi truc tiép tir nut i Den nidt j tuong ung la tlJ va cjj (1
<1, j < n). Robot chi c6 thé Bi Pugc trén Puong nbi truc tiép tir ndt i Dén ndt j néu nang
lwong con lai trong binh chira khong it hon cij (1 < i, j < n). Néu robot Pi Dén mot nit cé
tram tiép nang luong (mot nit cé thé c6 hodc khong c6 tram tiép nang lugng) thi nd tu
DPong Puoc nap Pay niang luong vao binh chira voi thoi gian nap coi nhu khong Déng ké.

Yéu chu: Hay xac Pinh gia tri w nho nhét Dé robot Pi Pugc trén mot Puong Di tur nut 1
Dén nit n trong thoi gian it nhat.

Dir ligu: QBROBOT.INP
b’ Dong Pau tién chira mot sd nguyén dwong n (2 <n<500)
¥ Dong thir hai chira n s6, trong D6 s6 thtr j bang 1 hodc 0 twrong tng ¢ nit j c6 hoic
khong ¢6 tram tiép nang lugng j=1,2, ..., n)
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Y Dong thtr ba chira sé nguyén duong m (m < 30000) 1a s6 Pudng ndi truc tiép c6
trong mang ludi giao thong

Y Dong thir k trong sO m dong tlep theo chira 4 s6 nguyén dwong i, j, tij, Gij (tij, Cij <
10000) mb ta Pudng ndi tryc tiép tir nit i Dén nit j, thoi gian va chi phi ning
luong tuong ng.

Hai s6 lién tiép trén mot dong trong file dir liéu cdch nhau it nhat mot dau cach.

Két qua: QBROBOT.OUT

S Ghi ra s6 nguyén duong w tim Pugc.

Vidu:
QBROBOT.INP | QBROBOT.OUT
4 3
0110
5 oy )
1254 : 9 s Yo7
1343 e
1494 4, 5,
2441
3452 MGt 2 va ndt 3 co tramtlép ning lromg

Goi y: Diéu kién uu tién 12 Pudng Di c¢6 thoi gian it nhat, do D6, cho w ¢6 gid tri 1a mot sb vo
ciing 16n, sau B6 DIJTRA tim Pudng Di ngan nhat (c6 thoi gian it nhat). Goi D[i] 1a Do dai
Duong bi ngén nhét tir i Dén n.
Chit nhi phan gid tri w, vi mdi w, tim Puong Di Dén n Pam bao robot lubén ¢ ning
luong trén Puong Di. Pdng thoi Puong Di phai 1a ngan nhat.
Gia sit Dang ¢ Dinh u, nang lugng Pang con 1a w’, thuc hién budc duyét thir Di qua
Pinh v néu
- (u,v) Ia mot canh
- Hoic u 1a tram tiép ning lugng, hodc ning luong w’ >= ¢y
- s(u) +tyy +d[v]=d[1] trong DS s(u) 1 tong thoi gian Pa Pi tir 1 Dén u

Bai todn: Tim Puwong Pi (ROADS)

C6 N thanh phd 1..N nbi béi cdc con Pudng mot chiéu. Mbi con Pudng c6 hai gid tri:
Do dai va chi phi phai tra bé bi qua. Bob ¢ thanh phé 1. Ban hay giip Bob tim Duong Di
ngan nhat Dén thanh pho N, biét rang Bob chi ¢6 s0 tién c6 han 1a K ma thoi.

Dir liéu: ROADS.INP

¥ Dong Pau tién ghi t 1a sb test.
V6i mdi test:
Y dong Pau ghi K (0 < K < 10000).
Y Dong 2 ghi N, 2 <N < 100.
¥ Dong 3 ghi R, 1 <R < 10000 la s6 Pudng noi.
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¥ Mbi dong trong N dong sau ghi 4 s6 nguyén S, D, L, T md ta mot con Puong qéi
gittaS vaD véi Do dai L (1 <L <100) va chi phi T (0 < T < 100). Luru y c6 thé
c6 nhi€u con Puong noi gitra hai thanh pho.
Két qua: ROADS.OUT

g Voi m(:)i,test, in ra B dai Buong bi ngan nhét tir 1 Dén N ma tong chi phi khéng
qua K. Néu khong ton tai, inra -1.

Vi du:
ROADS.INP | ROADS.OUT
2 11
5 -1
6
7
1223
2433
3424
1341
4621
3520
5432
0
4
4
1452
1210
2311
3410

Bai todn: Romeo and Juliet

Romeo va Juliet bi giam trong mot mé cung hinh chit nhat kich thuéc MxN 6
vudng. Mé cung c6 hai loai &: tw do va cAm. Trong qud trinh Di trong mé cung, tai mdi
budc ta chi c6 thé di chuyén Dén 6 tu do ké canh theo mét trong bon hudng: Pong (E), Tay
(W), Nam (S), Bic (N).

Ban Piu, Romeo & tai 0 [1,1] va Juliet & tai 6 [M,N]. Dé thodt khoi mé cung,
Romeo can di chuyén Pén o [X,Y] va Juliet can di chuyén téi 0 [Z,T].

Dé ctru cap tinh nhan, Shakepeare Pua cho ban mot cam mang 12 xau D chi gdbm
cdc ki tw E, W, N, S thé hién mét loat cdc budc di chuyén va cho biét ¢6 thé chon cho mdi
ngudi mot s6 bude di chuyén theo tht ty cho trong diy, mdi budc di chuyén chi Puoc
mdt ngudi chon va moi bude di chuyén trong diy Déu phai Puoc chon thi mdi ngudi méi ¢6
thé Pi Pén Dich cia minh. Yéu ciu ban hiy chon cho mdi ngudi ddy budc di chuyén
thich hop. Néu ¢6 nhiéu 16i giai chi can Dua ra mot 10i giai.
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- o O O
SO OO

0 0
11
0 0
00

SO O -

)

1 0 0

Vi du v6i mé cung nhu bang bén ki hiéu 1 1a 6 cam, 0 1a 6 ty do, Romeo can Dén 6
[2,2], Juliet can Dén 6 [2,2], Juliet cAn Pén 6 [4,4] va xau D 12 SNEEWW thi viéc chon
cic budc di chuyén cua hai ngudi c¢6 thé viét dudi dang céc xau chi gdbm 2 ki ty R va J:
RJRRIR; c¢6 nghia 1a Romeo thuc hién 4 budc di chuyén Nam (S), bong (E), Pong (E),
Tay (W), con Juliet thuc hién 2 budc di chuyén Bic (N), Tay (W). Mot 1oi giai khic cho
boi xau RIRRRI.

Dir liéu: ROJU.INP

¥ Dong thr nhét ghi hai s6 M, N (3<=M<=20, 3<=N<=60).

Y Tiép theo 1a M dong, dong thir i trong M dong nay ghi N sé 0 hodc sb 1 thé hién
tinh trang ctia cic 6 dong thu L.

S Tiép theo 1a mot dong ghi 4s6 X, Y, Z, T

¥ Dong tiép theo ghi s6 nguyén duong K (3<=K<=200) 12 D¢ dai xau D. 3§

Dong cubi ciing ghi tir Pau dong xau D.

Két qua: ROJU.OUT

S Ghi ra tir Dau dong mot xau C D9 dai K chi gom cdc ki ty R va J thé hién sy lya
chon cdc budce di chuyén cia hai ngudi. N6i rd hon, néu ki tir tha U cua xau C la
R/J ¢6 nghia 1a Romeo/Juliet chon budc di chuyén thir U trong xau D.

)
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VAN PE: DUET UU TIEN

Duyét 12 mot phuong phap khda manh Dé giai quyét phan 16n cdc bai téan tin hoc.
Mot so bai c6 kich thudc dit li€u 16n Poi hoéi phai c6 thr ty uu tién ciac phép duyét bé
nhanh chéng tim ra két qua. Dudi Pay ta xét mot s6 bai téan Dién hinh nhu vay.

Bai todn: Ma Pi tuin

Cho ban co téng quét nxn va mot quan ma (n <100). Hay chi ra mt hanh trinh cua
M3 xuét phat tir 6 (x,y), Pi qua tat ca céc 6 con lai cua ban co, mdi 6 Puing mot lan (luat bi
cua ma nhu luat cd vua).

(UR'A Néu xem mdi 6 ctia ban ¢ 1a mot Pinh cia DO thi thi bai todn nay twong Buong véi bai
toan tim Puong Di Haminton (Puong Di qua tat ca cac Pinh va qua mo6i BDinh Ping mdt 1an).
Thuét todn duy nhét cho bai todn nay la duyét Bé quy quay lui.

Tai mdi budc duyét,Gia sir ta Dang & Dinh u, tir Dinh u ta vu tién Di sang Pinh v ¢
canh ndi v6i u ma bac cta v 1a nho nhét (Dinh nghia bac cia mot Pinh v 1a s6 Dinh ndi véi
Pinh v B6 ma chua Pugc tham).

ABC DEFG H

1

2

3

4

5 O L]
6 |@] 470

7104 @] L] |e
s [& |7 al [}

H
L3 o X, ]
\.__4' 'h“‘.r

Xét vi du trén hinh, con ma Pang Pa Di Dugc 4 budc va Pang ¢ 6 (7,G). T 6 nay
con mi c6 thé nhay Pén 1 trong 3 6 tiép theo 1a (6,E) - ¢6 bic 12 6; 6 (5,F) - ¢6 bac 1a 7;
hodc 6 (5,H) - ¢6 bac 1a 3. Con ma s€ uu tién nhay 6 c6 bac nho hon trude - 1a 6 (5,H).

Su uu tién trong phuong phap duyét trén gitip chuong trinh chay nhanh hon rat
nhiéu so véi khi duyét Pon thuan. Tuy nhién véi truong hop bai todn vo nghiém (khong
¢6 Puong Pi Haminton) thi chuong trinh ciing chay rat 1au vi phai duyét qua hét toan bd
khong gian dit liéu. Do D6 can diing thém bién chan thoi gian Dé xu Iy truong hop nay.

Bai todn: i Cap })iém gin nhat i
Trén map phang tao Do cho N Di€m phéan biét (N<20000). Tim 2 Diém ma khoang
cach gitra chung la ngan nhat.

Goi y: Néu duyét thong thuong, thuat todn mat O(N2) va chay rat 1au véi N 16n. Sy uu tién
trong phép duyét sau Day giup thudt toan chay trong thoi gian cho phép va cho két qua
chinh x4c v6i phan 16n céc test.
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Ta sip xép lai cdc Piém theo mot tiéu chi nao D6 c6 lién quan Pén khoang céch.
Chang han ldy thém mot Piém bat ki nam ngoai tdp Piém va sip lai N Piém Pi cho theo
thir tu tang (giam) dan khoang cich Pén Piém nay. Hay sép tiang (giam) N Diém theo
hoanh D¢ x. Hay sap tang (giam) N Dlem theo tung PO y..

Sau khi sip xép nhu vay, véi mdi Dlem 1, ta uu tlen xét cic Diém j trong khong gian
lan can vdi n6 trude - tirc 1a nhing Diém gan Piém i trong danh sach ba sap x€p. B rong
ctia khong gian 1an can (c6 thé goi 1a khong gian tim kiém) do ta tu quy Dinh, khong gian
xét cang rong thi P chinh x4c ctia chuong trinh cang cao nhung thoi gian chay cang lau.

V1 du vori N=20000. sau khi sép Xép lai ta Puoc day céc Diém i1, 1o, ... , 12gp00. VO1
mdi Diém iy, néu ta quy Dinh khong gian tim kiém 12 100 thi ta chi xét khoang cach cua iy voi
cac Dlem 1k+1’ 1k+2’ .. 1k+IOQ )

Viéc sap xép cdc Diém va chon khong gian tim kiém hop 1y s& gitip chwong trinh c6 Do
tin cay cao va chay trong thoi gian cho phép.

Chu y: Bai toan trén con cé thuat giai B phuc tap NlogN tuy nhi€n kha phirc tap va
khong Pugc néi 6 Bay.

Bai todn: Tong vecto

Vecto va céc phép todn véi vecto Pugc sir dung Dé giai quyét nhiu bai todn trong
hinh hoc, vét 1y, ...Ta c6 thé biéu dién vecto trong mit phing béi cip hai s6 ( x, y). Céc s6 x,
y Puogc goi 1a cic toa B cua vecto (xem hinh v€ minh hoa).

N ._._._._h!-_'_...;...__._.d._ A .{4 *

Hinh v& minh hoa. Vecto irong méi phing

Téng cua hai (hay nhiéu hon hai) vecto 1 vecto ma céc toa PO cua né 1a téng cua
cac toa B twong g cua tat ca cic vecto trong tong, nghia l1a tong ctua n (n < 2) vecto

(X1, Y1)s (X2, ¥2), - (ki Yo) LA veCto (6, ) V6L x =) xiy =)y
i=1 i=1

Ta goi trong lugng cta vecto (x, y) I1a ) w(X,y) = X+ y2

Vi du: Cho 3 vecto (-1, 3), (2, =5) va (4, —-2), khi B¢ ta c6 tong cua ching la vecto (-1,
3)+(2,-5) + (4, -2) = (-1+2+4, 3-5-2) = (5, -4) c6 trong luong 1a 41.

Yéu ciu: Cho n vecto trong mat ph'fmg (X1, ¥1)s ( X2, ¥2), +..y (Xp, yn) Can t1m tap con (gom

it ra 12 hai phan tr) cua tap cac vecto D cho voi trong hIO’ng clia tong cla tat ca cic vecto
trong n6 12 16n nhat.

10
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Dir liéu: SUMVEC.INP
¥ Dong Pau tién chira s6 nguyén n (2 <n < 15000)
Y n dong tiép theo mo ta n vecto Da cho: m61 dong chira mét cap toa Do cuia mot
vecto. Gia thiét rang Céc toa Do 12 cdc sb nguyén c6 tri tuyét Ddi khong qua
30000. Trong s6 cac vecto Da cho khdng c6 vecto nao 1a (0, 0). Céc sO trén cung
dong Puoc ghi cich nhau béi ddu céch.

Két qua: SUMVEC.OUT
Y Trong luong cua vecto tdng clia cic vecto trong tdp con tim Pugc.

Vi du:

SUMVEC .INP| [ SUMVEC.OUT
5 202

58
42
42
21
54

Goi y: Néu duyét t6 hop cédc vecto thong thudng thi s& c6 bo phuc tap 1a O(2n) khong
thé chay vé6i n 16n. Thuét toan duyét wu tién sau DAy chi mit O(n®) bang cach sip xép cdc
vecto theo géc hop vai tia Ox (chi y géc hop nay c6 gia tri trong nita khoang [0;360) ).

Trong day céc vecto Da sap xep, ta uu tlen xét tong cdc vecto lién tiép nhau.Do D6 chi
can duyét 2 blen chay i va j; sau D6 kiém tra tong céc vecto Doan tir vecto i Dén vecto j trong
day D3 sap xép.
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Luyén tap:

Bai todn: Phong chay (FIRE)

Dé Péi phé voi tinh hinh bién Dong cua gid xang dau, nudc ‘X quyét» Dinh xay dung
moét kho dy trir dau voi quy mé cuc 1on. Kho chira dau s€ bao gobm N bé chtra déu hinh
tru tron ma ta sé€ biéu dién trén ban D bang N hinh tron, hinh tron thir i c6 toa Do 1a (Xl,
Yi) va ban kinh Ri, céc hinh tron khong ¢6 Piém chung trong v6i nhau (nhung c6 thé tiép
xuc).

Dé DPam bao an toan phong chdy chira chdy, nguoi ta can xdc Pinh 2 bé chira dau gin
nhau nhat D¢ tang cuong cach ly khi xay ra hoa hoan.

Biét rang khoang cach gitra 2 bé chira dau thir i va thir j chinh bang khoang cach gitra
2 Duong tron tuong Umg va bang Dj; - R; - R;, trong D6 Dj; 1a khoang cach Euclide giira 2
Piém (X;, Y;) va (X, Y). i ‘

Ban hay gitp nhirng ngudi quan 1y tim ra 2 bé chtra dau nay.
Dir liéu: FIRE.INP
¥ Dong thir nhét ghi s6 nguyén duong N la sO })é chura dau.
Y Dong thir i trong N dong ti€p theo ghi 3 s6 nguyén Xi, Y;, R 1a toa D¢ va ban kinh
bé chira dau thir i.
Két qua: FIRE.OUT
Y Gom 1 dong duy nhét 1a khoang cdch cua 2 bé chira dau bé nhét tim Pugc.
Gi6i han:
Y 2 <N <10000.

S IXil, 1Yl < 10°.

Y 0<R;<10°.

¥ Két qua ghi chinh xdc Pén 4 chit s6 sau dau phay.

Vi du:

FIRE.INP | FIRE.OUT
3 0.0990
001
402
553
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VAN DPE: TIM KIEM CHUOL.

Bai todn: Cho chuoi A c6 B§ dai m, mot chuoi X ¢6 PO dai n. Kiém tra xem chuoi X xuat
hi¢n trong chudi A tai cdc vi tri nao.

Huéng gidi quyét:

Céach thir nhat: Duyét moi vi tri i ctia chudi A, véi mbi vi tri kiém tra chudi X ¢ xuét hién
O vi tri nay hay khong. Thuat giai c6 Po phuc tap O(m*n). Mgt thuat giai tot hon chi mat
O(m+n):

Cach thir hai: Thuat toan Knuth-Morris-Pratt (KMP).

1 1+j-1
A u b
] i
X u a
T
X|lvlc

Thuét todn dua vao mot céch kiém tra kha truc quan nhu sau: Ta ¢6 Pinh chudi A va
di chuyén chudi X truot theo chudi A. Gia st chudi X Pang ¢ vi tri i so voi chudi A. xét
1an Iuot cac ki tu X,Xo.. X véi céc ki ty twong ing cua chudi A: Aj,Airg...Aisng. Gia st
su khac nhau Dau tién xuit hién or vi tri Xj <>Aij1. Goi Xy j.1 = u = Aj 4 Lic nay ta sé
dich chuyén chudi X mot Poan ngén nhit thoa man:
- Phan Diu ctia chudi X trung voi phan cudi cua A 2. Sau khi dich chuyén ,
vi trf so sdnh twong ing véi Ayyi 1a X, Ta c6 X j-1 tring voi phén cudi cua
Ai.i+j2 ma Ai...i+j-2 = X1..j-1 cho nén X1.j-1 trung véi phﬁn cudi ctia X1 j1.
- X]<>X]
Do D6 néu xét Dén vitr j ma Xj <>Aj;j-1thi ta can quan tam bén vitrij’ théa man X j
dai nhat trung voi phan cudi cta X1 i ! Va Xi<>X;.
Str dung Next[j] co y nghia Next[j] =j’ néu:
- Xy dai nhét trung voi phan cudi cia X; i1
- Xi<>Xy
Mang Next[j] c6 thé khoi tao bang Quy hoach Pong.

Mbo ta thuét toan:
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procedure Init;

var
J, JJj: integer;
begin
j=1;

jj = 0;
Next [1] := 0;
while (j <= n) do
begin
while (33 > 0)and(X[j] <> X[Jj]) do JJ := Next[]]j];
Inc (j)
Inc (3]
if XI[j
end;
end;

7
)i
] = X[Jjj] then Next[j] := Next[jj] else Next[]] := 3jJ;

procedure Process;

var
i, Jj: integer;
Begin
Init
i :=1;
J o= 1;
repeat
while (3 > 0)and(X[]j] <> A[i]) do j := Next[j]l;
Inc(i);
Inc(3);
if j > n then
begin
Writeln (' xuat hien tai ‘,1i - J + 1);
j = Next[j];
end;
until i>m;
End;

Luyén tap:
Bai todn: X4au con (SUBSTR)

Cho x&u A va xau B chi gém céc chir cdi thuong. Xau B Pugc goi 1a xudt hién tai vi trf i
cua xau A néu: Ali] = B[1], A[i+1] = B[2], ..., A[i+length(B)-1] = B[length(B)].

Yéu cau: Hay tim tat ca cdc vi tri ma B xuat hién trong A.

Dir li¢u: SUBSTR.INP

Y Dong 1: xau A

Y Dong 2: xau B

Y Do dai A, B khong qua 1000000.
Két qua: SUBSTR.OUT

Y Ghi ra céac vi tri tim Pugc trén 1 dong (thir tu ting dan). Néu B khong xudt hién
trong A thi bo trang.
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Vi du:

SUBSTR.INP | SUBSTR.OUT
aaaaa 1234
aa
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VAN DPE: XU LY BIT

Nhu ta D3 biét, moi sb tu nhién Péu c6 thé biéu dién Pugc dudi dang nhi phan. Vi
du 13: 1101
42: 101010
Dbi v6i may tinh, cic gid tri sé Puoc luu boi cdc bién dudi dang chudi nhi phin c¢6 Do dai
twong g vai kiéu bién D6.
Trong Pascal, mot s kiéu bién phd bién nhu :
o Byte: c6 DBg dai 8 bit.
o Integer, Word: c6 D¢ dai 2*8 = 16 bit
o Longint: c6 B¢ dai 4*8 = 32 bit
Do D6 néu bién x ¢ kiéu byte va luu gid tri 13 thi déy bit cia bién x 12 : 00001101
Cic bit ctia bién Puoc Panh sd tir phai sang trdi bat Dau tir 1. O vi du trén bit thi nhat cia x 1a
Ivabittht2cuaxlaO...
Cic phép todn xir 1y bit Ddi v6i 2 ddy bit x1,x2 s& xtr 1y 1an luot bit thir nhat ctia x1 voi bit
thtr nhét ctia x2, bit thir 2 ctia x1 véi bit thit 2 ctia x2...., bit thit k caa x1 voi bit thi k cia x2,
ctr nhu vdy cho Dén hét.
C6 4 phép xir ly bit co ban sau Day:

Két qud bang tong gid tri 2 bit trir truong hop ca 2 bit Déu c6 gid
tr 1a 1 thi két qua phép OR 1a 1.
Vd:  x1=13(00001101)

Phép cong bit (OR) X2 =42 (00101010)

x1 OR x2 =47 (00101111)

bao gid tr1 bit O thanh 1 va 1 thanh 0
Phép Dio bit (NOT) Vd:  x=13(00001101)

NOT(x) =242 (11110010)

Két qua bang tich cta 2 gid tri bit

Vd: x1 =13 (00001101)
Phép nhén bit (AND) x2 =42 (00101010)

x1 AND x2 = 8§ (00001000)

Két qua 1a 0 néu 2 bit Puoc XOR c6 gi4 tri gidng nhau

Két qua 1a 1 néu 2 bit Puoc XOR c6 gia tri khic nhau
Phép loai trir bit (XOR) ~ Vd:  x1=13(00001101)
x2 =42 (00101010)
x1 XOR x2 =39 (00100111)

Déi v6i day bit con ¢6 2 phép dich chuyén co ban sau:
Dich chuyén diy sang phai k bit

Phép dich phai (Shrk)  Vd:  x=13(00001101)
x Shr 2 =3 (00000011)
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Dich chuyén diy sang tréi k bit
Phép dich tréi (Shl k) Vd: x =13 (00001101)
xShl2=3 (00110100)

Bay gio, ta xét cac thao tac xu Ii bit dua trén cac phép toan co ban trén.

1/Lay gia tri bit : Cho biét bit thir rkcuab blen x nhan gid tri 0 hay 1.

Function GetBlt(k x:Word) :Byte;
Begin

GetBit := (x Shr (k-1)) and 1;
End;

~2/Gén gia tri bit : gin gid tri ¢ cho bit thirk clia bién x.

Procedure SetBlt(c byte, k Word; wvar x: Word);
Begin

If ¢ =1 then x := x or (1 shl(k-1))

Else x := x and (not (1 shl (k- l))),
End;

Uu Piém ciia xir Iy bit:

Vé b nhé: Dbi voi ngdn ngir 14p trinh ¢6 bd nhé han ché nhu Turbo Pascal, xtr ly bit c6 thé
Puoc sir dung Dé tao mang bénh dau. Vd 1 bién boolean chi Panh dau Puoc 1 phan tir ¢6 gid
tri True hay False trong khi néu xtr 1y bit thi 1 bién boolean twong (mg véi 8 bit gid tri 0,1 do
D6 c6 thé Panh déu cho 8 phan tir.

Vé toe Po: Cac phép xir 1y trén bit ¢6 tbc P nhanh hon nhiéu lan so véi cdc phép xur 1y
khéc.
Vi du:

- Hai phép (x div 2) va (x shr 1( 1a trtong Puong nhau nhung phép (x shr 1) c6
tdc Do nhanh hon nhiéu lan.

- Dung day bit Dé Panh diu True - False ¢6 téc Do xtr 1y nhanh hon nhiéu so véi
diing mang Dé Panh diu. Do D6 trong cic bai todn Doi hoi viéc thay Dbi trang
th4i Panh d4u nhiéu 1an thi ngudi ta van hay ding xtr 1y bit Dé cai thién toc Do
chuong trinh.

Ung dung ciia xir Iy bit qua céc bai toan cu thé sau:

Bai todn: . Liét ké tap hop con ‘
Cho tap hop con N phan tir khac nhau, liét ké tat ca cac tap hop con cua tap N phan tir Ba cho
(ké ca tap rong).

Goi ¥: Xét diy gdbm N bit. Mbi tap con cta tdp N phan tir Déu c6 thé biéu dién bang diy N
bit nay va nguoc lai mdi day bit c6 Do dai N Déu biéu dién 1 tip con cta tp N phan tir. Do D6
ta c6 thé duyét tat ca cdc day bit D6 dai N Dé xuit ra tip con tuong tng.

Mit khéc ta c6 nhan xét tit ca cdc ddy bit Do dai N twong tmg voi gid tri 0 cho Dén
2"-1
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S o
S S
==
S S
=3
o
_

11...110 = 2*n - 2

11...111=2"n-1
Cho nén ta c6 mot thuét todn cu thé sau: Duyét bién x chay tir 0 Pén 2" - 1. Vi mdi gia tri X,
xuét ra tap con dua vio ddy bit cia né.

Bai todn: S6 Dic bigt(SNUM)

Cho day N sd ty nhién c6 gid tri trong Doan [0,65535] (N<=1000000). Trong D6 chi 6
mot so Xudt hién 1 1an - goi 12 s6 Pic biét, cdc sd con lai ¢6 sb 1an xuét hién 12 mot sd chin.
Yéu ciu tim ra sd bac biét nay.

Dir liu: SNUML.INP
¥ Dong Dau tién ghi gid tri N , ,
Y N dong tiép theo, moi dong ghi mét so trong day N so
Két qua: SNUM.OUT
Y S6 Pic biét tim Puoc
Vidu:

SNUM.INP | SNUM.OUT
5 145

12345
9876
12345
145
9876

Goiy:
Cach thir nhat: Xép N so tu nhién nay 1én N va don céc sO nay ve phia bén phai, theo vd trén
ta Pugc bang so:

12345
9 8 7 6
12345

1 45
9 8 7 6

Bay gio ta xét theo timg cot ctia bang s6 va bo Di nhitng chit s6 ¢6 s6 1an xuat hién
12 mdt s6 chin: Cot 1 bé chit s6 1, Cot 2 bo chit s6 2 va 9, ...Sau khi bo, cdc cot con lai
chir s ¢6 s6 1an xudt hién lamotsble.
1 ‘z 3.4 5
9. 8. 7. 6.
“t ‘2 ‘3 5
1 5
9.8

sd-lk-lk

6.
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Ghép céc chir sb nay lai ta Puoc s6 Dic biét : 145. (cic ban tu chimg minh tinh
Ping Pén cta céch [am).

Ta c6 mot thuat todn cy thé nhu sau: Dung mang 6x10 phén tr Dé luu thong tin
xudt hién cua cic chir s6 tir 0 Dén 9 & céc cot tir 1 Den 6 (do cédc s6 c6 gid tri trong Doan
[0,65535] nén cb nhiéu nhit 6 cot). Phan tr (k,x) luu s6 1an xuit hién cua chir sO x tai cOt
thur k.

Doc tu file INP lan luot N s6, voi moi 3, tang 6 1an xuét hién cac chir $6 & cot
twong (mg bang cédch thay P6i mang 6x10. Sau D6 dua vao mang luu s 1an xuét hién nay Dé
tim ra sd Dac biét.

Céch lam trén kha hay nhung véi di liéu 16n thi chuong trinh chay rat 1au. Viéc két hop
xur 1y bit vao thuat toan gitp chuong trinh chay nhanh hon nhiéu.

Cach thir hai: Dya vao tu tuong cua cdch lam trén, ta ¢6 thé chuyén mdi sé vé dang nhi
phan va ciing sap vao bang nhu trén, Thue hién phép XOR cua s6 thir 1 voi sd th 2, 1di 14y
két qua thuc hién tiép v6i s6 thir 3 ... clr 1am nhu vAy cho Dén khi thyc hién hét phép XOR
v6i sO thor N. Vi phép XOR tuong Duzong v6i viée loai trir 2 bit gibng nhau nén sau khi thyc
hién xong, két qua cho ta nhitng bit c6 s6 1an xuét hién 1a s 1¢ va D6 ciing 1a day bit ciia s6
Dic biét can tim.

X:=0;
For i:=1 to N do
Begin
Readln (fi,vy);
X 1= X XOr Vy;
End;

Writeln (X);

Bai todn: Ban c thé (CHESSCBG)

Mot ban cd thé 1a mot bang gom 4 dong, 4 cot. Mdi thé co 1a mot cach sip xép 8
quan cd, hai quin khéc nhau & hai 6 khdc nhau. Bai toan Pat ra 1 cho hai thé co 1 va 2,
hdy tim mot sd it nhat budc di chuyén quin Dé chuyén tir thé 1 sang thé 2; mot budc di
chuyén quén 12 mét 1an chuyén quan cd sang 6 trong ké canh véi 6 quan ¢ Pang Pung.
Dir liéu: CHESSCBG.INP

Y GOm 8 dong, mdi dong 1a mot xau nhi phan Do dai 4 ma sé 1/0 twong tng véi vi
tri ¢ hodc khong 6 quan co.
¥ BoOn dong Déu la the co 1
Y Bon dong sau la thé co 2.
Két qua: CHESSCBG.OUT

Y Gom 1 dong duy nhét 12 s6 budc chuyén quan it nhat
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Vi du:

CHESSCBG.INP | CHESSCBG.OUT
1111 4

0000
1110
0010
1010
0101
1010
0101

Goi y: Mi hoéa moi trang thai ban co bang 1 day nhi phan 16 bit tuong Gng. Str dung
phuong phédp loang Pé tim Puong bi ngan nhét tir trang thai Pau vé trang théi cuoi.

Luyén tap:

Bai todn: Tim dong Pic biét(SLINE)

Cho mot tép van ban c6 n dong (n<=100000) moi dong c6 Do dai khong qué 255 ky tu.
Trong D6 c¢6 mot dong chi xuat hién mot 1an duy nhat, con cac dong con lai ¢6 s0 lan xuat
hi¢n 1a mot so chan.

Yéu ciu: hay viét chuong trinh Dé tim dong Pic biét P6.
Dir li¢u: SLINE.INP ‘
Y Ghi cac dong thong tin va két thic tép boi dong gom 3 ki tu ###
Két qua: SLINE.OUT
Y Ghi ra dong Pac biét tim Pugc.
Vi du:

SLINE.INP SLINE.OUT
-How are you? -My name is PCM
-I’'m fine

-How are you?
-My name is PCM
-I’'m fine

HHH

Bai todn: Mé cung (MECUNG)

Mot mé cung hinh chit nhat gém M dong va N cot 6 vudong, M,N <= 100. C4ac dong
(cot) Pdnh sb tir 1 Dén M ( tir 1 Pén N) tir trén xudng (tir trdi qua phai). Mot robot Dtng &
6 (X,Y). Tir mot 6 bét ki, robot c6 thé di chuyén Dén 1 trong 4 6 ké canh. Mdi 6 cua mé
cung tng voi 1 s6 trong pham vi 0..15 véi ¥ nghia quy Dinh nhiing hudng robot c6 thé di
chuyén Pén. Mdi huéng Puge quy Dinh boi 1 s6 hiu: Trén: 1; Dudi: 2; Phai: 4; Trai: 8.
Gid tri ciia 6 bang tong céc sd hiéu cdc hudng ma robot ¢ thé di chuyén Bén. VD 6 (2,3)
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c6 gid trj 13 =1 + 4 + 8 c6 nghia 1a tir 6 (2,3) c6 thé di chuyén theo hudng trén, phai hay trdi
beé sang 6 ké canh ti¢p theo.
Cho thong tin vé mé cung MxN, vi tri 6 xuat phat (X,Y).

Yéu cu: Tim Puong Bi ngin nhat Dé robot c6 thé thoat ra Pugc mé cung.
Dir liéu: MECUNG.INP

Y Dong Pau tién ghi 4 s6 M,N,X,Y
Y Tiép theo ma trdn so M dong, moi dong N ¢t biéu dién thdng tin vé mé cung.

Két qua: MECUNG.OUT
S S6 budc di chuyén it nhat Dé robot thodt ra khoi mé cung.

Bai todn: Chuyén du lich (TRIP)

Trong ki nghi h¢ nam nay sherry Buoc bd thuong cho 1 tour du lich quanh N Pit
nudce tuoi Pep véi nhiéu thang canh ndi tiéng ( vi sherry rit ngoan ). Tat nhién sherry s& Di
bang mdy bay.

Gia vé may bay tur Dt nuoc i Bén Dét nudc j 1a Cj; ( di nhién ClJ ¢6 thé khéc G ).
Tuy Pugc bd thuong cho nhiéu tién Dé Di du lich nhung sherry cling muén tim cho minh 1
hanh trinh v&i chi phi ré nhét c¢6 thé Pé danh tién mua qua vé ting moi ngudi ( Cdc
chuyén bay ctia sherry Béu Pugc Pam bao an toan tuyét Déi).

Ban hay gidp sherry tim 1 hanh trinh Pi qua tat ca cac nudc, mdi nuée Ding 1 1an
sao cho chi phi 12 bé nhit nhé.

Dir liéu: TRIP.INP

Y Dong 1: N (5<N < 16) , ’
Y Dong thtr i trong N dong tiép theo: Gom N s6 nguyén, so thur j 1a Cj; (0 < Gjj <
10001)

Két qua: TRIP.OUT
Y Gom 1 dong duy nhét ghi chi phi bé nhét tim Pugc

Vi du:
TRIP.INP TRIP.OUT
6 8
012134
503234
410212
425043
253502
543310

oi y: Goi F[i,x] 1a chi phi ngin nhat khi Pang & Dat nudc i va cac Dat nudc ba bi qua
Duoc Dénh dau bang day bit ciia bién x. Sir dung tu tudng Quy hoach Pong giai quyét.
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VAN PE: QUY HOACH PONG TRANG THAI

V&i mot bai toan cu thé, Pé tim ra Puogc 101 giai can Di tir bude 1 Dén bude thir k.
Trong D6 tai bude thir i nay sinh nhiéu trang thi huéng Di khdc nhau, Pé tim ra huéng Di
Pung cho budc thir i 1ai dya vao trang théi cia budce i thiri-1 va cé thé x4c Pinh bﬁng mot
cong thirc cu thé néu tap cdc trang thai la hiru han.

Bai todn: Chon 6 - HSG QG 2006 (SELECT)

Cho mét bang hinh chir nhét kich thudc 4xn 6 vudng. Cac dong Puge Danh sO tir 1
Dén 4, tir trén xudng dudi, cdc cot Puge Danh sd tir 1 Dén n tir trdi qua phai.

O nam trén giao cta dong i va cot j Puoc goi 12 6 (i,j). Trén mbi 6 (i,j) c6 ghi mot
5O nguyén aij ,i=1,2,3,4;j=1,2, .., n. Mot cach chon 6 la viéc xac Pinh mot tdp con
khéc rong S cia tap tit ca cic 6 cia bang sao cho khong c6 hai 6 nao trong S ¢6 chung
canh. Céc 0 trong tap S Pugc goi 1a 6 Pugc chon, tong céc sb trong cac 6 Bugc chon Bugc
goi la trong lugng cua cach chon. Tim cach chon sao cho trong lugng 1a 16n nhét.
Vi du: Xét bang v6i n=3 trong hinh v€ dudi Day:

—

Céch chon can tim 12 tap cac 6 S = {(3,1), (1,2), (4,2), (3,3)} voi trong luong 32. Dir
liéu: SELECT.INP

¥ Dong Pau tién chtra s6 nguyén duong n 12 sb cot ciia bang.
Y Cot thir i trong s0 4 dong tiép theo chira n s6 nguyén 1a n s0 trén hang i ctia bang.

Két qua: SELECT.OUT

¥ GoOm 1 dong duy nhat 12 trong lugng cta cich chon tim Pugc.
Han ché:

¥ Trong tit ca cdc test: n < 10000.

Y laijl <30000.

Vi du:
SELECT.INP | SELECT.OUT
3 32
-193
45-6
789
972

22



MGt s6 van Dé Pdng chii ¥ trong mon tin hoc

oL y: MBJi cot c6 4 dong nén c6 thé dung bién x c6 4 bit nhi phan Dé md ta trang théi
chon ctia cOt i: bit thr k bang 1 (0) twong tng voi 6 dong thr k cua cot Puoc (khong
Puoc) chon.
Goi Fl[i,x] la trong lugng 16n nhét néu xét tir cot 1 Dén cot i va trang thai chon cua cot
i Pugc biéu dién bang bién x. Cong thirc Quy hoach Pong 1a:
Fli,x] = max ( F[i-1,x’] + sum(i,Xx) )

Trong B6
- x va x’ 1a hai trang thai chon cta 2 cot lién ti€p nhau (i vai-1) Po P6 2 trang
thai phai thoa man Di€u kién khong ¢6 2 6 nao Pugc chon ké nhau.
- sum(i,x) l1a trong luong tng véi trang thai chon x cta cot i.
Bai todn: Cuam gia cém (H5NX)

Pai dich cim gia cam H5Nx ba tan cong Pat nudc Peace. Cic co quany té Pa
nhanh chéng cdch ly céc gia cam bénh. Theo cic nghién ctru khoa hoc cho thay neu con
vat nao c6 chira Poan ma gen HNH hodc HHH s€ c6 nguy co nhidm bénh rat cao can phai
céch ly Bé theo doi. Cac chung gia cam trong nudc Péu ¢ chu tao tir 2 loai gen H va N, vi
vay bo y té can biét s6 luong gia cam khoe manh (khong c6 gen bénh) Dé tiém phong
bénh.

Tat ca cdc gia cam Déu c6 Do dai gen bang nhau 1a M, hiy viét chuong trinh gitip bd
y té tinh ra s6 luong gia cAm khoe manh.

Dir liéu: HSNX.INP
Y GoOm khong qua 1000 dong, mdi dong 1a mot s6 nguyén M.
Két qua: HSNX.OUT

¥ Véi moi gidtri M Xudt ra mot s6 duy nhét Q 1a két qua ma ban tim Puoc. Vi két
qua c6 thé rat 16n nén chi can xuat Q mod 2005.

Gioi han:
Y 1<M<1.000.000
Y Thoi gian: 0.5 s/test

Vi du:

HS5NX.INP H5NX.OUT
3 6

Goi y: Goi F[i,x] 1a $6 lugng cdc Doan gen :
- co Do dai 1. ‘ 7
- 2 gen cudi cung c6 trang théi bit la x. Hay x gom 2 bit nhi phén th¢ hién
2 gen cu0i cung (bit 1 twong irng véi gen H va bit O tuong tmg véi gen
N).
- Khong chira cac Boan HNH, HHH.
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Bai todn: Chuyén du lich (TRIP)

Trong ki nghi he nim nay sherry Puoc bd thuong cho 1 tour du lich quanh N Dat
nudce tuoi Pep véi nhiéu thang canh ndi tiéng ( vi sherry rit ngoan ). Tat nhién sherry s& Di
biang mdy bay.

Gia vé may bay tu Dt nuoc i Dén Dat nudc j 1a Cj; ( di nhién ClJ ¢6 thé khéc G ).
Tuy Puogc bd thuong cho nhiéu tién Dé Pi du lich nhung sherry cing muon tim cho minh 1
hanh trinh vo1 chi phi ré nhat c6 thé Bé danh tién mua qua vé tang moi nguoi ( Cac
chuyén bay ctia sherry Déu Pugc Pam béo an toan tuyét Dbi ).

Ban hiy gitip sherry tim 1 hanh trinh Di qua tit ca cdc nudc, mdi nude Ping 1 lan
sao cho chi phi 12 bé nhat nhé.

Dir liéu: TRIP.INP

Y Dong 1: N (5<N < 16)
Y Dong thir i trong N dong tiép theo: Gom N s0 nguyén, so thu j 1la Cj; (0 < Gy <
10001)

Két qua: TRIP.OUT
Y Gom 1 dong duy nhét ghi chi phi bé nhét tim Pugc

Vidu:
TRIP.INP TRIP.OUT
6 8
012134
503234
410212
425043
253502
543310

0i y: Goi F[i,x] 1a tong chi ph1 néu sherry Dang & Pat nudc i va trang thai cac Pat nudc Pa
Dl qua Puogc Iuu vao bién x : gdm N bit nhi phan 0,1 (bit thir k ¢6 gid tri bang 1/0 ¢6 ¥ nghia
Pi Pi qua Pt k hay chua). Cong thitc Quy hoach Pong:
F[i,x] = min( F[i’,x’] + C[i’,i] )
Trong B6
- i 1a Bt nudc Ba Puge Panh diu Bi qua trong x.
- x’ 1a trang théi giéng nhu trang thdi x nhung DAt nudc i chua Puoc Panh diu.

Luyén tap:
Bai todn: Pan bo hén loan(MIXUP)

MGdi trong N ¢6 bod (4 <= N <= 16) cua bac John c6 mot so seri phan biet S_i (1 <=S_1
<= 25,000). Céc cd bo tu hao Dén ndi mdi co6 Péu Peo mot chiéc vong vang ¢ khic sb seri
ctia minh trén c6 theo kiéu cdc bang Pang giang hd.

Cic 6 bd giang hd nay thich ndi loan nén Pumg xép hang cho vit sita theo mot thir tur
goi Pugc goi la 'hon loan'.
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Mot thtr tw bd 1a 'hdn loan' néu trong diy sb seri tao boi hang bo, hai s lién tiép
khac biét nhau nhiéu hon K (1 <= K <= 3400). Vidy,néuN=6 vaK =1thi 1, 3, 5, 2, 6,
4 1a mot thir tu 'hdn loan' nhung 1, 3, 6, 5, 2, 4 thi khong (vi hai sb lién tiép 5 va 6 chi
chénh léch 1).

Yéu cAu: Cho biét c6 bao nhiéu cdch khéc nhau Dé N ¢6 bd sép thanh thi tu 'hdn loan'? Dir
liéu: MIXUP.INP
Y Dong 1: Hai s6 N va K cach nhau boi khoang trang
Y Dong 2.N+1: Dong i+1 chita mdt sO nguyén duy nhat la so seri cua c¢6 bo thir i:
S_i
Két qua: MIXUP.OUT

¥ Dong 1: Mot sd nguyén duy nhét 1a s6 cach Dé N ¢6 bd sap thanh thr tu 'hdn
loan'. Két qua Pam bao nam trong pham vi kiéu s6 nguyén 64-bit.

Vidu:
MIXUP.INP | MIXUP.OUT
41 2
3
4
2
1

Goiy: Goi F[i,x] la s6 cich sép cac co bo Puoc banh dau trong bién x (la bién g@)m N bit nhi
phéan) ma c6 bo thir i BPugc xEp sau cling.

Bai todn: Co6 gai chan bo (COWGIRL)

Trén mot thao nguyén nho bé c6 1 gia Dinh gém 3 anh em: 2 ngudi anh trai 1a
Nvutri va Andorea con nguoi em gii la Lola. Cude song gia Dinh kha gia nhung gia Dinh c6
truyen thdng chin nudi va muon Pé céc con tu 1ap nén cha me 3 ngudi quyét Dinh Dé céc
con hang ngay sé& Di chan 1 s6 bd nao D6 (tiry ¥ 3 ngudi con).

Thao nguyén la 1 cdnh Pdng chia 1am M*N 6 vudéng, mdi con bd chi Ping trong 1 6 va
mdi 6 chi chita 1 con bd.Chi ¢6 1 quy tic duy nhit 1a khéng bao gid Puoc Dé 4 con bo tao
thanh 1 hinh vudng 2*2 hodc Dé trong 1 khu DAt 2*2.

Hai nguoi anh mai choi nén b héi 16 kem Pé Lola chin bo 1 minh. Lola mudn biét tét
ca c6 bao nhi€u cach xép bod thoa man quy tic trén D& D& phong moi truong hop. Vi con sb
nay rat 16n nén hay gidp Lola tinh todn con sb nay.

Dir licu: COWGIRL.INP

Y Dong Dau gom 1 so T duy nhét 12 s6 test (T<111)
S T dong tiép theo gdm 2 s6 M, N cho biét kich thudc ciia thao nguyén (M*N < 30)

Két qua: COWGIRL.OUT

Y Gom T dong, mbi dong tmg véi 1 test 1 sd cach xép bo cua test D6.
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Vi du:
COWGIRL.INP | COWGIRL.OUT
1 2
11

Ggi y: cho M*N<=30 nén ton tai mot s6 M hay N khong 16n hon 5. gia sir 1a M 1a s6
dong khong qua 5. Ta c6 thé sur dung s6 ¢6 khong qua 5 bit nhi phan D& md ta trang thai
chon & moi cot.
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VAN PE: QUY HOACH PONG VI TRi CAU HINH

Cho mét day céac cAu hinh thoa man Diéu kién nao D6 Puoc sép theo thir tu tir Pién
(D). Bai toan thuong ¢6 2 yéu cau:
- Cho cau hinh (c), h01 (c) nam O vi trf nao trong tu Pién.
- Cho vitrik, yeu cau tim cAu hinh (c) tng v6i vi tri k trong tir bién.
Tu tuong chinh DE giai quyét yéu cau 1 12 tim s6 lugng cau hinh ¢6 vi trf ndm trudc
(c) trong tir Pién. T D6 suy ra vi tr1 cua (c)
Tu tuong chinh Dé giai quyét yéu ciu 2 1a thu hep dan pham vi tir Pién (1an lugt bo Bi
nhirng céu hinh (c) ¢6 vi trf bé hon k, tao thanh mét tir Dién méi Dong thoi giam chi s6 k cho
twong tmg voi tir Pién méi).

Bai todn: Day nhi phén (1).
Cho tir Dién bao gom tit ca céc diy N bit nhi phan. VD v&i N=3 ta c6 tir Dién day
bit nhi phan 12: 000,001,010,011,100,101,110,111.
- Cho mdt ddy (c) gdm N bit nhi phan, héi (¢) ndm & vi tri nao trong tir Dién.
- Cho mot s k, hoi day bit nhi phan nao & vi tri k trong tir Dién.

0i y: Thyc ra vi trf cta (c) trong tir Dién ciing chinh 13 dang thap phén cua (c) cong thém
1 Nhung Dé 1am quen véi tu tudng Quy hoach Pong vi tri ciu hinh, ta tam thoi quén Di
cach giai Pon gian nay va st dung mot tu tudng khic nhu sau:
Goi F[i] 1a s6 lugng céc ddy i bit nhi phan.
D& thiy F[i] = 2*F[i-1] (hay F[i] = 2). F[0] = 1 Gia
st (¢): ajap...a,
Ta chi quan tim Dén céc bit 1 ciia (c), gia st bit 1 xuat hién ¢ nhitng vi trf t
(©): ajap...a.11agy...a, ,

Khi D6 (¢) s€ ¢6 vi tri 16n hon vi tri ciia nhiing cau hinh dang x;x;...X¢10ay...a,
(trong D6 x; nhén gia tri 0 hodc 1). Hay n6i cach khéc sé c6 F[t-1] cAu hinh dang x;X;...X¢.
10ac+1...an ¢6 vi tri bé hon t.

Goi s 1a s6 lugng cac cau hinh ¢6 vi tri bé hon t
s = Z:r 1 F1t =17, trong D6 k; 1a cac vi tri xudt hién bit 1 trong ().
Suy ra vj tri cia (c) trong tir Pién 1a s+1.
v
For t:=1 to n do

If c[t]=1 then s:=s + F[t-1]
Writeln(‘vi tri Y,s+1);

Dé tim ciu hinh (c) & vi tri k , ta duyét 1an luot céc bit caa (c) tir bit thir 1 Dén N. Néu
bit thir t nhén gid tri 1 hay (c): a;ay...a.1...thi 16 rang (c) c6 vi tri 16n hon vi tri cla cac cAu
hinh dang a;a;...a. 10Xy ...X, (trong PO x; nhan gid tr1 0 hodc 1). Hay n6i cach khéc k s€ 16n
hon F[n-t]. Vay

- néu k< F[n-t] thi bit thi t cua (c) nhan gid tri 0
- néuk > F[n-t] thi bit thir t cia (c) nhan gid tri 0, Pong thoi gan lai
k =k - F[n-t]
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for t:=1 to n do
if k<=f[n-t] then c[t]:=0
else
begin
clt]:=1;
k:=k - F[n-t];
end;
For i:=1 to n do write(c[i])

Bai todn: Day nhi phan (NP2)

Mot tap hop S gdm cic diy N bit 0, 1 trong D6 khong c6 hai bit 1 nao ké nhau. Vi du
VoI N =5 thi S gdm céc day 00000, 00001, 000101,.. . Tap S Puogc sap xép theo chiéu ting
dan cta s6 nguyén tuong (mg ma dy bit biéu dién. Cho s6 N va mét sé nguyén M hiy cho
biét day bit thir M trong S.

Dir liéu: NP2.INP
Y Dong duy nhat ghi hai gia tri N, M (N < 40, M Dam bao c¢6 nghiém)
Két qua: NP2.OUT

Y Diy N s6 0, 1 ghi lién nhau mé ta ddy nhj phan tim Puoc.
Vi du:

NP2.INP [ NP2.OUT
53 000101

Goi y:
Goi F[i] 1a s6 phan tir ctia tap S Gmg v6i N = 1.
- F[i] = F[i-1] + F[i-2]
- F[0]=F[1] =1
Céch xay dung day bit thir M tuwong ty nhu bai trén.

Bai toan: S6 hiéu hoan vi (SHHYV)
Xét tat ca cac hodn vi cta day so tu nhién (1, 2,..., n) (1 <=n<=12) Gia
st rang cac hodn vi Pugc sap xép theo thur tu tir Dién.

Yéu cau:

@ Cho trude 1 hodn vi. Tim s6 hiéu cta hoan vi D6 trong day ba sap xép

Y Cho trudc sb hiéu cta 1 hodn vi trong diy hodn vi Da sap xép. Tim hodn vi D6
Dir liéu: SHHV .INP

Y Dong 1: Chiran so a, &, ..., & (day hoan vin phén tr)
Y Dong 2: Chtra s p ( sd h1eu ctia hodn vi trong ddy hodn vi n phan tir)

Két qua: SHHV.OUT

¥ Dong 1: Ghi 6 ¢ ( s0 hiéu clia ddly hodn via)
Y Dong 2: Ghin so by, by, ..., b, (diy hodn vi ¢6 s0 hi¢u p )
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Vi du:
SHHV.INP SHHV.OUT
213 3
4 231

Goi y: Goi Fi] 1a s6 lugng cac hodn vi c6 i chit s6

- F[i] = F[i-1]*1 (hay F[i] =1!).

- FHF1]=1
Fin(i) 12 ham cho biét s& luong céc ) trong Poan aj;;..
cau 1:
S:=0;
For i:=1 to n do

s:= s + fin(i)*f[n-1]
writeln(s+1)

Yeu ciu 2:

.a, va cé gid tri bé hon a[i] Yéu

fillchar (fr,sizeof (fr),true);
for i:=1 to n do
begin
for j:=1 to n do
if fr[j] then

if (k>f[n—-11)
alil:=j; fr[jl:=false;

for i:=1 to n do wrlte(fo,a[ij,

Luyén tap:

Bai todn: Lién lac vii tru IMPULSE)

then dec(k, f[n-i

')

else break;

Pé lién lac véi tau tham do tw Pong ngdi ta chuan bi danh sach cdc théng bdo , Panh

s tir 1 tro i va cai vao trong bd nhé clia mdy tinh trén tram thdm do . S6 lugng thong

béo 12 1000000. Tram Piéu khién mat Dat hodc tau tham do chi can phat Di sb tir ty thay vi
cho chuyén bang hé thong phét xung Laser Dinh huong . Nhung viéc phat xung ( tic 1a

céc tin hiéu 1 ) . Vi vay céc nha khoa hoc quyét Pinh phat moi s Ung voi mot day bit c6
khong qud 3 s6 1 . Cdc day bit c6 cing Do dai 1 200 , Puogc sip xép lai theo thir tur ting
dan cua gid tri nhi phan twong {mg . S6 thir ty cua day bit trong danh séch s& chinh Ia s6

nguyén can gui .

Yéu ciu: Hay lap trinh cai vao mdy phét chuyén Doi tir gid tri s sang x4u bit can phét . Di

liéu: IMPULSE.INP

¥ Dong Pau tién 1a s6 long thong béo can phat R (R<10000).

Y Cac dong sau chira cac soO nguyén duong ( s6 thtr ty thong bdo ) , cdc sb néu & trén

1 dong - cach nhau it nhat 1 dau cach .
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Két qua: IMPULSE.OUT

Y Xau bit ung vadi so can phat . Bo qua cac so 0 trudc 1 Pau tién trong xau ,

trir trudng hop sb can phat 12 1 thi két qua ra Pugc ghi 12 0.

Vi du:

IMPULSE.INP

IMPULSE.OUT

6
12345100

0
1

10

11

100
100000110

Bai todn: Pinh sb cac tip con (SUBSET)

Giaswr Alatap N s6 nguyén dong Pau tién, N<30. Vi mdi tdp con B cua A, ta
luon viét cac phan tur cua B theo gid tri tang dan: B = {bl, by, ...,bx} véibi<bx<...<bg

Ta xép thir ty céc tip con cta A theo nguyén tic sau: gia su B va C la hai tp con
cia A: B={by,b,,...,bkg},C={cy,co ..., cm}, BC néu c6 i<min(K,M) sao cho
bi=cy, .. .,b;.1=ci.1, va bi<ci hoac bj=c; va K=min(K,M). Trén co s& xép thir tu cdc tap con, ta
Dinh s6 cic tap con ctia A tir 1 Dén 2N, tap rong Doc Danh s6 1.

Vidu véin =3, thtr tu céc tap hop la:
1:

12
123
13

23

Yéu ciu:
¥ Cho s6 N va mot s6 higu S > 1, im tdp B ¢6 s6 hiéu S.
Y Cho so N va tap C khong trong, tim s6 hiéu cua C.
Dir liéu: SUBSET.INP
Y Dong Dau tién ghi 2 sb nguyén duong N, S
Y Dong tiép theo ghi N, tiép theo 1a diy K sd ¢y, ca,. . ., ck
Két qua: SUBSET.OUT

¥ Dong Pau 1a chi s6 cédc phan tir trong tip B ing v6i s6 hiéu S. Y
Dong thir hai ghi s6 hi¢u tng véi tap C.

Vidu:
SUBSET.INP SUBSET.OUT
38 3
323 7
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Bai todn: Chu01 hat (NLACE)

Khi tlen hanh khai quét khao c6 & mot vuong qudc xa xua no, cic nha khoa hoc khai
quat Puoc rat nhiéu chudi hat la. Sau khi quan sét, cac nha khoa hoc thay rang céc chudi hat
¢6 mét sé Piac Piém chung.

M®i chudi hat 12 mot soi diy Puoc DPinh cic hat ngoc 1am bang mot chat lidu cb
xua. Cdc chudi hat Péu ¢6 s6 lvong hat ngoc bﬁng nhau. Hon nita, mdi hat ngoc 1a mot
hinh cdu ¢6 Puong kinh 12 mot sé nguyén duong, va néu lan tir trdi sang phai trén chudi
hat, ngudi ta thy cdc hat ngoc c¢6 Puodng kinh ting dan. Néu Péanh sé vi tri cic hat ngoc
bat Pau tir 1, theo thir tu tr trdi sang phai, ngudi ta nhan thiy rang hat ngoc thr i c6
Puong kinh khéng vuot qia 2i. Cc nha khoa hoc cho rang, dan toc ¢ xwa nay hin Da
lam ra tat ca cdc chudi hat ¢6 ciing nhitng Dic Piém nay, dit ching hién con Pang rai ric &
Pau D6 trén trai Dat.

Sau D6 khong 1au, cic nha khoa hoc tim ra mot manh da, trén D6 c6 ghi mot con )
theo loai chit s6 ¢ xua. Ho cho réng manh da nay c¢6 lién quan DBén céc chudi hat ky la no.
Sau nhiéu ¢ géng, cdc nha khoa hoc Pa Pua Puoc con s6 trén manh da vé hé chir s6 thap
phan, va ky hiéu 1a X.

Manh mbi Dén DAy thi dirng lai, vi cdc nha khoa hoc khéng tim thiy Pugc vét tich
nao khéc ntra, va cling khong tim ra Pugc mbi quan h¢ gitra X va céc chudi hat.

Pén bay, mot nha khoa hoc ngudi Viét pé nghi, hay thur x4c Dinh chudi hat c6 thir tu tir
Dién 1a X, biét Dau Pay sé& 1a manh mdi?

Yéu cdu: Ban hdy viét chuong trinh gitip nha khoa hoc xdc Pinh chudi hat c6 thir ty tir
Pién 1a X.

Dir liéu: NLACE.INP

Y Dong 1: chira s6 nguyén duong N, 12 s6 hat ngoc trong mdi chudi hat. ¥
Dong 2: chira s6 nguyén duong X.

Két qua: NLACE.OUT

Y Gom 1 dong duy nhét, chira N sb nguyén, cach nhau mot khoang trang, x4c Pinh
chudi hat c6 thtr tir tir Dién 12 X (Dé biéu dién mot chudi hat, can in ra N s6 nguyén
tuong tng 12 Puong kinh cta céc hat ngoc trong chudi hat, theo thir ty tir trdi sang
phai).

Gi6i han:

Y Nla so nguyén duong trong pham vi [1, 250].
Y X la sb nguyén duong trong pham vi tir 1 Dén sé luong tdi Pa cic chudi hat.
Vi du:

NLACE.INP NLACE.OUT
2 23
4

Giai thich: cdc chudi hat sdp theo thir ty tir Dién 1an lugt 1a 12, 1 3, 1 4, 2 3, 2 4. Chudi hat
thur41a2 3.
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Bai todn: Thir tw xau (STRING)
Céc chir cai trong bo chir cai tleng Anh a..z Pugc Panh s6 tir 1 Pén 26.
Mot xau W= ¢; ... cijci chi gobm céc chit cdi thuong tleng Anh khéc nhau Pugc goi
12 mot tir Puing néu trong xau Do, ky tu ck Pung sau ky tu ck.; trong bd chir cdi voi moi
I<K<i.
Vi thtr ty nay ta c6 thé Panh s6 cac tir theo nguyén tic sau:
- Xem mdi chit cdi 1a mot tir Do dai 1 voi $6 hiéu nhu trén
- Chia moi tir thanh cdc nhém W(1), W(2), ..., W(K) trong P6 W(i) 1a nhém
gd6m moi tir c6 Do dai i
- Trong moi nhom, ta xép céc tir theo thir tu tir Pién
Lan lugt Danh s6 lién tiép tir 1, nhom c6 B dai bé Banh s trudc, trong mdi
nhom, thir tw Banh s6 1a thir tu tir Dién
Vidu ve s hiéu mot sO tur: ac - 28; be - 52: vwxyz - 83681
Cho mot xau S chi gdm cdc chir cdi tiéng Anh thuong. N6i chung S khong 1a tur
nhung ta c6 thé cit S mot cach duy nhat thanh mot day tir sao cho khong thé ghép hai tir ké
nhau thanh mot tir. Khi D6 ta ¢6 thé ma héa S thanh mot diy sé nguyén duong C(S) ma cic
s6 hang cuia ddy nay twong tng 1a céc sb hiéu cia cdc tir ciia ddy tir nhan Pugc. Vi du: néu S =
abazvwxyz thi C(S) =27 51 83681

Yéu cau:
Y Cho mot xau S B dai khong qua 1000, tim day C(S). ‘
Y Cho mot day C(S’) 1a ma héa cua mot xau S’ théa man Diéu kién nhu yéu cau 1,
hay khoi phuc lai tu S°.
Dir liéu: STRING.INP
¥ Dong thit nhét ghi tir Dau dong xau S. , o
Y Dong thir hai ghi day C(S”), hai s6 lién tiép cach nhau it nhat mdt dau trong.
Két qua: STRING.OUT

¥ Dong thir nhét ghi diy C(S).
Y Dong thir hai ghi xau S’.

Vidu:
STRING.INP STRING.OUT
abazvwxyz 27 51 83681
27 51 83681 abazvwxyz
Bai todn: Ma vach (BARCODE)

Mot ma vach (thuong ding Dé ghi gid tri 1 hang hod ) la mét day cdc vach Den tring
xen k& nhau bit Dau bang vach Den bén trai , mdi vach c6 mot Po rong tinh bang 56
nguyén duong . Hinh sau cho vi du vé mot ma 4 vach trai trén 1+2+3+1 = 7 Pon vi rong:

I
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Téng quat , mot tap ma vach Mv(n,k,m) Ia td4p moi ma vach gém k vach trai trén
Piing n Pon vi rong va mdi vach khong rong qua m Pon vi .
Ma vach trong vi du trén thudc tap Mv(7,4,3) nhung khong thudc tap Mv(7,5,2) . ta co
thé biéu dién m01 ma vach boi mot day nhi phan bang cach diing s 1 biéu thi mot Pon vi rong
mau Den va s6 0 biéu thi mot Pon vi rong mau trang Vi du ma vach trong hinh trén s€ DPugc
biéu thi boi day 1001110

V6i biéu dién nhi phan nhu vay mdi tip Mv(n,k,m) véi cdc gid tri cu thé cham , k, nla
mot tap cic xau PO dai n chi gdm céc ky tur 0 hay 1 . Ta c6 thé liét ké tap D6 theo
thur tur tUr Dién véi quy oc ky tu O trude ky tu 1 va theo thtr tu liét ké D6 ta cho mdi ma
vach mot sb hiéu .

Vi du tap Mv(7,4,3) gom 16 ma vach s& Puogc biéu dién béi 16 xau nhi phan bo dai 7

va theo cdch sap xép tir Pién ctia cdc biéu dién nhj phan ta ¢6 cdc ma vach vdi céc s6 hidu tir 1
Pén 161a:

01: 1000100 09: 1100100
02: 1000110 10: 1100110
03: 1001000 11: 1101000
04: 1001100 12: 1101100
05: 1001110 13: 1101110
06: 1011000 14: 1110010
07: 1011100 15: 1110100
08: 1100010 16: 1110110

Dir liéu: BARCODE.INP

¥ Dong thir nhat ghi 3 s6 n , k , m ( 1<n,k,m<33) 12 ba tham s6
cua tap ma vach
Q@ Dong thu hai ghi 56 s (s<50)
¥ Trong s dong tiép theo ghi mdi dong mot xau gém n ky tuw 0 hay 1 13 biéu nhj
phan ciia m§t ma vach thudc tap Mv(n,k,m) .

Két qua: BARCODE.OUT

Y S dong , mdi dong ghi s6 hiéu ctia ma vach Pa cho

Vidu:
BARCODE.INP BARCODE.OUT
74316 5
55 16
1001110 4
1110110 5
1001100 1
1001110
1000100
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Goiy: Xem mdi vach nhu mét s6 nguyén duong c6 gia tri br:ing b0 rong ctia vach B6. Goi
F[n,k,m] 1a sb day ma:.
- MJdi ddy c6 k s6
- Tong cac s6 trong mdi ddy 1a n
- MB&i s6 trong ddy c6 gid tri khong 16n hon m
Chuyén mot ma vach nhi phan sang ddy s6 twong tng. Khi D6 sb ¢ vi tri 16 twong tmg
v6i vach 1 va sb & vi tri chin twong tmg véi vach 0. Dua vao ddy s6 va mang F Dé
xuét ra sb hiéu ctia ma vach.

Bai todn: Day s6 Catalan (CATALAN) ‘ ,
Cho s0 nguyén duong N, day Catalan cap n la day C(1), C(2) ... C(2n+1) gom céac soO

nguyén khong am thod man : C(1) = C2n+1) =0 véi i bat ki 1 <1 < 2n thi C(i), C(i+1) hon
kém nhau 1 Bon vi. ) )
V61 moi n ta sap x€p cic day Catalan theo thur tu tr Pién, Panh s6 tr 1 trd Di .
Yéu ciu :

¥ Cho mét day Catalan, hay tim thtr ty cta day.

Y Cho so nguyén duong k hay tim day c6 thir tu k.
Dir lidu: CATALAN.INP

Y Dong Pau ghi n. (n < 15)

Y Dong hai ghi mot day Catalan cip n o

Y Dong ba ghi mot so nguyén duong k (k cé thé rat 16n nhung Pam bao ludén c6
nghiém)

Két qua: CATALAN.OUT

% Dong 1 ghi s thir tw ddy ¢ dong hai cua file dit liéu
Dong 2 ghi day tmg véi so thtr tu k

Vidu:
CATALAN.INP | CATALAN.OUT
4 12
012321210 (012321210
12

Goi y: Xét 1u’0’1 vudng (n+1)x(n+1) Mot quy tac bi thoa man:

- xuit phét tir 6 (1, 1) Bén 6 (n+1, n+1)

- MB&i budc Di chi Puge di chuyén Pén 6 ké canh bén phai hogc bén dudi.

- Khong Pugc di chuyén qua ranh gi6i 1a Puong chéo ndi Dinh trdi trén va phai

dudi cia ludi.

Néu quy Dinh 16(1,1) tuong tmg voi s6 0 va

- m01 budc di chuyen sang phal, ta tao 5O moi bang sO hen trude tru Di 1.

- mbi budc di chuyén xudng dudi, ta tao s6 méi bang s lién trudc cong thém 1.
D& thiy mdi cach Di tir 6(1,1) Pén (n+1,n+1) twong Puong véi mot diy catalan tuong tng.
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i

L
2

—

il
Cdch Di twong ung voiday 012321210(n=4)

Goi F[i,j] 1 s6 Puong Di tir 6 (i,j) Pén 6 (n+1,n+1) - F[i,j] Puoc tinh bing cong thirc
Quy hoach Bong.

Gia str tai 6 (u,v) ta di chuyén xudng 6 phia duéi thi cach i nay sé& ¢ s6 thi tu 16n hon
cich Bi tir 6 (u,v) di chuyén sang 6 bén phai (voi u > v). Do D6 ta chi quan tam Dén nhitng
0 (u,v) ma tai B6 thyc hién di chuyén xudng 6 phia dudi, ta cong vao s thém Flu,v+1].
Két qua sd thir ty ciia ddy catalan twong tmg v6i cach Di 1a s+1.
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Mt s6 van Pé Pdng chii ¥ trong mén tin hoc
VAN PE: QUY HOACH PONG TREN CAY

Cay 1a Db thi vo huéng Pic biét ¢6 nhitng tinh chét sau Day:

- Lién thong va khong c6 chu trinh.

- Giira 2 Pinh bt ky c6 duy nhat mot Puong Di Pon.

- Néubo Di 1 canh bat ki thi ciy phan thanh 2 cay con.

Thuat toan quy hoach Dong trén ciy chu yeu dwa vao cdc tinh chat Dic biét trén
ctia cdy. Thong thudng véi DO thi ciy, nguoi ta cAn xdc Pinh mot cAy quan hé cha - con
Dé thuc hién coéng viéc quy hoach Pong. Viéc xdc Dinh nay c6 thé st dung phép duyét
DFS, khi D6 nhimng Pinh v Duoc thiam tiép theo trong qud trinh duyét Dinh u s& nhan Dinh
u lam cha.

Tu tudng Quy hoach Pong la tim thong tin ctia nit cha dya vao thong tin cua
nhitng nut con Pa tim Pugc trude BS. Céac ban s€ hiéu thém qua céc bai toan cu thé sau
bay:

Bai todn: Cho 1 ciy , hiy tim duong di dai nhat trong ciy d6 .
<problem PTO07Z( spoj.pl/problems/PT077)>

Input :

Dong dau tién 1a n , s6 nit cia ciy ( n<=100000)

n-1 dong sau , mdi dong 12 2 s6 u,v md ta 1 canh cua cay.
Output

Do dai dudng di dai nhét trong cdy d6 .

Input
4

12
23
34

Output

Thuat Todn : Dau tién , coi nit 1 1a ndt gbc chang han , Thyc hién duyét tir 14 vé& gbc ,goi f[i, 1] 1a d6
dai duong di dai nhat ma tap dinh ctia né la cac niit con cua I ( khdng chira dinh 1), f[1,2] 1a d6 dai
duong di dai nhat ma trong tap dinh nay chira diém i.



Cong thue Qhd:
F[L1]=max(f[i1,1], f[il1,2], f[i2,1], f[i2,2] ,.....f[ik,1], f[ik,2])
F[I,2]=max(f[iu,2] + {[iv,2])
Trong d6 :+1l,i2,..ik 1a cac nit con ké vé6i nit i

+ [u,iv 1a 2 trong s6 céc nit con k& voi nit I (iu<>1v)
Két qua 1a max(f[1,1] , f[1,2]);
Trong chuong trinh mau sau s& trinh bay 1 thuat giai khéc, d6 1a

+déu tién thuc hién DFS tir mot dinh bat ky nao d6 <dinh 1 ching han> gia st dinh c6 khoang cich
16n nhat d&én dinh 1 1a dinh k. Thyc hién DFS 1an thir 2 tir dinh k, thi két qua 1a khoang cach tir dinh
6 khoang cach xa k nhit dén k.

Bai todn : Cho I cdy c6 trong sé , hdy tim dwong di dai nhdt trong cdy dé
Input :

Dong dau tién 1a n, sd niit ctia cdy ( n<=100000)

n-1 dong sau , mdi dongla?2 $b u,v,c md ta 1 canh cta ciy.(c<=10000)
Output

Do dai duong di dai nhét trong cy d6 .

Input
4

121
231
341
Output
3

Thuat to4n twong ty nhu bai trén , chi ¥ can khai bao két qua kiéu int64 .

Bai 5 Nhan ctia ciy <vn.spoj.pl/problems/ITREE>

Cho d0 thi ciy c6 trong s6 gdm N dinh , cdc dinh duoc dénh s6 tir 1 -> N . Goc ciia cdy 1a dinh 1 .
Cha cta dinh u 12 1 dinh c6 s6 hiéu nh6 hon u . Mdi dinh ¢6 m6t nhan 1a 1 s6 thue A[i] . Trong dé
nhén ciia dinh 1 bang 1 va nhan cua dinh 14 bang 0 . Biét ring A[v] < A[u] néu v 1a con ciia u .Gi4
tri cia 1 cy = Téng ((A[u] — A[v] ) * Trong ) canh (u,v) , v6i u la cha cua v )Bay gid nguoi ta

cho biét cédc canh cua dd thi va trong s6 ctia céc canh nay nhung khdng cho biét cac Ali].Hay tinh
Xem gid tri ctia cAy thip nhit 12 bao nhiéu.



Input

Dong 1 12 s6 nguyén T 1a sd bo test . (1 <T <50 ). T nhém dong tiép theo mo ta ting bo test .
M&i bo Test s& c6 cAu tric nhu sau :

Dong 1 : s6 nguyén duong N ( 1 <N <1000) .

Tir dong 2 -> dong N : dong thir i gom 2 s6 nguyén duongu vac (1 <u<i,0<c<1000) cho
biét cha cua ndtila nit u va canh nbi (u,i) c6 trong sdlac.

Output

V6i mi test ghi ra gid tri thip nhat c6 thé dat dugc cia ciy trén 1 dong voi do chinh xdc 12 2 chit
sb sau diu cham.

Example
Input:

1

4

11

12

21
Output:

3.00

Thuat todn : ton tai 1 cdch gdn nhén trén cdy théa man diéu kién bai toan va nhan cac dinh 1a 0 va 1
Tu d6 suy ra cong thuc ghd sau

+ goi f[1,0] va f[I,1] 14 gia tri nho nhét caa cay géc I , néu tit ca cédc nit con cta I da duoc gan
nhin hét va gid tri gan cho niit I twong tmg 12 0,1

+cong thuc QHd

F[I,0] =tdng gid tri cdc niit con ciia I va chiing déu dwoc gdn nhan 1a 0(do gid tri nit con phai bé
hon gi4 tri nit cha)

F[L1]=max(f[i1,0] , f[il,1]) + ...+ Max({[ik,0], f[ik,1]);

Trong d6 il,...ik 1a cac nit con ké voi nit i

Bai todn: Bira tiép vui vé (GUEST)

Cong ty trach nghiém hitu han “ Vui vé “ ¢6 n cén bo Panh s6 tir 1 Bén N. Cén bd i ¢6
Pénh gia Do vui tinh 1A H; (i=1,2 .N) . Ngoai trir gidm gidm Ddc cong ty , mdi cén bod c6
1 tha trudng tryc tiép ciia minh .

Ban can gitp cong ty moi mdt nhém cén bd DPén dy da tiéc “ Vui vé “ sao cho trong )
nhitng ngudi Puoc moi khong Pong thoi c6 mit nhan vién va tha trudng truc tiép va
Ddng thoi tong Péanh gid vui tinh cta nhitng ngudi dy tiéc 12 16n nhat .



Gia thiét raing moi mot thi trudng khong cé qud 20 cin bd truc tiép dudi quyén.
Dt ligu: GUEST.INP
¥ Dong Dau tién ghi s6 cdn bd cua cong ty ( 1<n<1001)
¥ Dong thir i trong s6 N Pong tiép theo ghi hai sé nguyén duong T; , V; trong D6 T;

12 s6 hi¢u cua thu truong truc tiép va Vj la B vui tinh cua can bg i . Quy ude Ti=0
néu nhu s6 hiéu cta giam Déc cong ti
Két qua: GUEST.OUT
¥ Dong Pau tién ghi hai s6 M va V . Trong D6 M 1a tong s can bd Puoc moi con V
lIa téng Do vui vé cua cac can bo Puoc moi
Dong thir K trong s M dong tiép theo , mdi dong ghi sb hiéu cac can bd Puge moi

Vidu:

GUEST.INP  GUEST.OUT

3 27
03 1
16 3
24
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Goiy: Co thé thdy so PO quan hé trong cong ty c6 dang cy cha-con.

@5_59

Goi FI1[i] la tong D vui tinh ctia cich chon néu xét trong nhitng ngudi dudi quyén
quan ly cua 1 va i 1a nguoi Pugc chon.

Goi FO[i] la tong Do vui tinh ctia cich chon néu xét trong nhitng ngudi dudi quyén
quan ly cua i vaila nguoi khong Pugc chon.
Cong thirc Quy hoach Pong:

- F1[i] = V; néu i khong 12 xép cua ai

- FO[i] = 0 néu i khong 1a xép cia ai
Truong hop con lai

- Fl[i]= Y FOl +Vi

- FO[i] = Y, max(F O[], F1[i])
Trong D6 1’ 1a nhitng nit nhan i 1am cha tryc ﬁép.
Két qua tong PO vui vé 16n nhét 1a max (F1[j],FO[j]) trong D6 j 1a sé hiéu gidm Ddc cua
cong ty. Pua nhitng ngudi Pugc chon dya vao mang F1 va FO.

Bai todn: To mau nhé nhat (CTREE)
Cho mét cAy gom N niit, hiy tim cdch gdn mdi Pinh mot nhin nguyén duong sao

cho:
+ Hai niit ¢6 canh ndi Puoc gan boi hai nhan khac nhau. +
Téng gid tri cac nhén 13 nho nhat.
Dir liéu:

¥ Dong Pau tién ghi N ( 1 <N < 10000).

Y N-1 dong tiép theo, mdi dong ghi hai nut 12 hai Pau miit ctia mot canh thude cay.

Két qua:

¥ Dong Pau tién ghi S 1a tong gid tri nhan tim Pugc.
¥ N dong tiép theo, dong thir i ghi nhin gan cho Dinh i trong phép gin t6i vu tim
Puoc.
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Vi du:

CTREE.INP | CTREE.OUT

8 11

12 3

13 1

14 1

15 1

56 2
1
1
1

57
58

Goi y: Cay Duoc cho duéi dang danh sich canh, chura ¢6 mot xdc Dinh cha-con cu thé, do D6 c6
the duyét Do thi b'fing DFS bé tao mot thit tu cha-con bat ki cho cay.

@ g ﬂ / a -\\‘x(‘(?»" con goc 5

1"|

Mt thir tr cha-con ciia cdy voi 1 la goc

Dé dang chirmg minh Puoc ¢6 thé dung khong qua 3 mau Pé t6 mau ciy. Danh sb
3 mau D6 12 1,2,3. Goi F[i,x] 1a tong gid tri khi td cAy con gbc i trong P4 niit i Pugc to
mau x (I <x <3).
Cong thirc Quy hoach Dong:
- F[i,x] = x n€u i la nit 14 (khdng c6 niit con nao).
- Fli,x] = Z lk max (F[C[i’],x’]) néu i khong phai 12 niit I4.
Trong D6 :
- niticé k nt con tryc tiép C[1],C[2]...C[k]
- max (F[C[i’],x’]) 1a gid tri 16n nhéat trong cac F[C[i’],x’] v&i 1<0'< 3va x#x

Tu tuong Puoc tién hanh bang ki thuat x4c Dinh ciy quan hé cha con két hop véi Quy hoach
Dong trong phép duyét DFS D0 thi:
_.P_h_éio._d_di/.é.t__b_i.s_.5_i.£h_._i._.___._._.___._.___._._._._._._._._.___._.___._._.___._._._._._._._.___._._.___._

Panh diu P& thdm Pinh i

Néu i khéng nbéi véi Pinh nao chua thim thi F[i,x] = x véi x:1-3

Ngugc lai néu ii 1a Pinh néi véi i va chua Puogc thim

Goi phép duyét Pinh ii - ii Panh ddu 1la con cua i
Tinh F[l,x] dua vao cac F[ll x’]
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Luyén tap:

Bai todn: Cay P Pinh (PTREE)

Cho mot cay gom N Pinh , m01 Dinh c6 1 nhin C[i] goi 1a trong s6 ctia Pinh i . Hay
tim 1 cdy con gdm P Binh sao cho tong trong sd cua cay con nay la lon nhat . Hiéu 1 cich
Pon gian 1a tim P Dinh sao cho P Pinh nay lién thong va tong trong s 12 16n nhat .

Dir liéu: PTREE.INP

Y Dong 1 :2s6nguyén duong NvaP.(1<P<N<200).

Y Dong 2 : N sb nguyén duong C[1], ... C[N]. (-1000 < C[i] <1000 ).

¥ N -1 dong tiép theo , mdi dong gdm 2 s6 nguyén dwong u , v mé ta 1 canh cia D6
thi .

Két qua: PTREE.OUT
hof Gom 1 dong ghira P sd nguyén la chi s6 ctia P Binh Pugc chon .

Vi du:
PTREE.INP | PTREE.OUT
32 23
123
12
23

01 Y: Quy hoach Dong trén ciy 2 lan 16ng nhau

Goi F[i,p] 1a tong trong s& 16n nhat neu xét trong cdy con goc i chon p Pinh lién
thong va i cling 1a Binh Puoc chon. Dé thay can chon p Pinh ma Pinh i P4 Pugc chon nén
can chon thém p-1 Pinh nita ¢ cdc nhdnh con cia gdc i. Gia sir i ¢6 k niit con tryc tiép
C;,C,...Cx. Bai todn tinh F[i,p] lai Puoc chuyén thanh bai ton tinh tong gid tri 16n nhat
khi chon p-1 Binh ¢ k nhanh con. Goi FF[ii,pp] 1a téng trong s6 16n nhat khi chon pp Pinh
¢ ii nhanh C;,C,...C;; (1 <ii<k!1< pp < p-1). Quy hoach Bdng Dé tinh FFlii,pp]. Va
Fli,p] = C[i] + FF[k,p-1].

Bai todn: ~ Xay cau (BRIDGES) ‘
bat nudce Delta 1a qudc Dao 16n trén thé gidi. DBat nudc gom N Dao nhé Dugc Danh
s6 tir 1 Bén N. Viéc i lai gitra cdc Péo 1 rat khé khan. Vi kinh té con rat kém phat trién,
nha nude phai khé khin 1dm méi mé Puoc N - 1 tuyén pha bién Dé nguoi dan ngudi dan
6 thé Di lai Puge gitra hai Pao bét ki. Cach bay khong lau, DAt nudc méi nhan Puogc su
Déu tu 16n cua cac nudc tu ban. Nha vua quyét Dinh xay méi K cay cau Dé thay choK
tuyen pha. Cdc cay cau moi Bugc xdy dung s& nbi hen hai Bao ma trudc Day c6 tuyén pha
ndi trye tiép. Nha vua mudn tinh todn Dé chon K tuyén pha nao Dé xdy thanh cau sau cho
N-1 D N D
tong thoi gian Dé Di lai gitta moi cip Pinh 12 nho nhat. Tuc 1a: Z 0 Z A, BD " Dat gid tri
1
[Ip=A+

‘ , 1
nho nhat. Trong Do T4 p 12 thot gian Di tr Dao A Dén Dao B. Ban hady gitip nha Vua tinh
todn chon ra K trong s6 N - 1 tuyén pha B¢ thay thé bang cau.
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Dit liéu: BRIDGES.INP

Y Dong thir nhét ghi 4 sé nguyén N, K, VP, VC trong B6 VP 1a van téc néu Pi bﬁng
pha va VC la vén téc néu i bang cau. VP va VC ¢6 Don vi la m/s
Y N-1 dong ti€p theo, moi dong ghi 3 s6 U V L thé hién gitta Dao U va Dao V ba
¢6 mdt tuyén pha, va khoang cach gitra U va V la L mét.
Két qua: BRIDGES.OUT

Y Inra K sb 12 sb hiéu cua tuyén pha cin Pugc thay thé bang cau.
Gioi han:

Y 1<K<N<10000

Y 1< VP, VC <100 000

¥ 1<Lyy< 10°

Vi du:
BRIDGES.INP | BRIDGES.OUT
6212 13
125
326
1 4 4
4 6 4
455

Goi y: Mang ludi cic tuyén pha c6 dang mot DO thi cay.

OF
e’ Fl4] =3
f (;g) 7(3,1) = 3%(6-3) = 9

Vi mdi tuyén pha hay canh (u,v) trén cy, Dinh nghia T(u,v) = s6 Puong Di giita 2
Pinh A va B c6 Di qua canh (u,v). Néu bo canh (u,v) thi cay s€ phan thanh 2 cdy con, mot
cay chtra u c6 F, Dinh va cay con lai chtra (N - Fy) Dinh. Do D6 T(u,v) = F,*(N-Fo).
C6 thé tinh F[u] 12 s6 nit con cta ciy gbc u (cdc ndt con ctia u bao gdm céc v’ 13 con cua
uvau’’ laconciau’ ...) bing phuong phip Quy hoach Pong trén cy. Sau D6 tinh Pugc
T(u,v) voi (u,v) la m@t canh cua cay Déng thoi v 1a cha truc tiép cuau.
Cén tim ra K canh (u,v) ¢6 T(u,v) 16n nhat chinh 1a céc tuyén pha can Pugc thay thé.
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Bai todn: Cay can bing (BALANCE)

Cho mot cay T véi N nit (I<N<20000) Dugc Dédnh s6 tir 1 Dén N. Hai nit hogc 1a
ndi v6i nhau boi mot canh duy nhét hodc khong ndi v6i nhau. Xéa bat ki nit nao trong
ciy s& sinh ra mot ring: ring 1 tdp hop mot hodc nhiéu ciy. Pinh nghia ciy cin bang
cia mot nit 12 kich ¢& ctia ciy 16n nhat trong rimg T Puoc tao béi bang cich xéa nit T.
VD cho mét cay

o)

X06a nit 4 tao ra hai cdy voi céc nit cua ching la {5} va {1,2,3,6,7}. Cay 16n hon
trong hai cay c6 nam nut, do P6 cay cin bang cta nit 4 1a nam. ..
Dir licu: BALANCE.INP

Q@ Dong Dau tién ghi sd nguyén duong N.
Y Moi dong trong N dong ti€p theo ghi hai s6 trong ing v&i mot canh trén cay.

Két qua: BALANCE.OUT

Y Dong Bau 1a sb tha ty nut c6 can bang nho nhét.
¥ Dong tiép theo 1a cAn bang cia niit DS,

Bai todn: Rai sé6i (STONE)

Xét tro choi rai s0i voi mot nguoi choi nhu sau: Cho cay T va mot Péng soi gom K
vién. O mdi bude nguoi ta lay 1 vién soi tur Dong soi va Bt vao mot nit 14 tuy chon. Néu
nit p c6 r ndt 14 va tat ca va tat ca cdc nit 14 Déu c6 soi thi nguoi ta gom tit ca cdc vién
so1 ¢ 14 lai, Bat 1 vién ¢ nut p, x0d céc nit 14 cia nd va hoan tra r - 1 vién so6i con lai vao
DPéng soi.

Trd choi két thic khi DBa Bat Puoc 1 vién s6i vao nit gbc

Nhiém vu Dit ra 1a theo céu tric cia cay T, xac Pinh sO vién soi tdi thiéu ban Pau Dé
trd choi c¢6 thé két thic binh thuong. Cay c¢6 n nit ( N < 400), nit gbc Pugc Panh sd1a 1.

Dir liéu: STONE.INP

Y Dong Pau: son
Y Dong thir i trong sO n dong tiép theo ¢6 dang: i m i iy ... ip,. Trong D6 m 1a s6 ndt
con cua nut i; iy, 1o, ..., i: Cac nuit con cua nat i.

Két qua: STONE.OUT

Y SO lugng vién soi toi thiéu can thict
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Vi du:
STONE.INP STONE.OUT
7 3
1223
2254
3267

Bai todn: Poan Pwong cuc tri (LUBENICA)

Mang ludi giao théng ¢ 1 nudc bao gdm N thanh phd (Pénh sb tir 1 Dén N) va N-1
Pudng ndi cdc thanh phd véi nhau. C6 mot Pudng Pi duy nhét giita mdi cdp thanh phd.
Moi con Puong c¢6 mot Po dai xac Pinh.

Viét chuong trinh, véi mdi K cdp thanh phd cho trudc, tim Do dai cta con Puong
ngan nhit va dai nhat trén Pudng Bi giita 2 thanh phd nay.
Dir liéu: LUBENICA.INP

hof Dong Dau tién chu:a s6 nguyén N, 2 <N =100 000.

¥ Mbdi dong trong s6 N-1 dong tiép theo chira 3 5O nguyén A, B, C cho biét c6 mot
con Duong D dai C gitra thanh phd A va thanh phd B. P dai cia mdi con Puong
la s6 nguyén duong khong vuot qua 1000000.

hof Dong tiép theo chua s0 nguyén K, 1 <K <100 000.

¥ Mobi dong trong s6 K dong tiép theo chtra 2 s6 nguyén D va E - chi s ctia 2 thanh
phd can truy vén.

Két qua: LUBENICA.OUT

¥ Mbi dong trong sé K dong chira 2 s6 nguyén - Do dai ctia con Pudng ngin nhit va
dai nhat trén Budng ndi gitra 2 thanh pho tuong ng.

42



MGt s6 van Dé Pdng chii ¥ trong mon tin hoc

Vi du:
LUBENICA.INP | LUBENICA.INP [ LUBENICA.INP
5 7 9
23100 364 122
43200 171 231
15150 132 345
1350 126 274
3 254 153
24 244 561
35 5 592
12 64 183
76 5
12 69
13 78
35 94
12
73
LUBENICA.OUT | LUBENICA.OUT | LUBENICA.OUT
100 200 26 12
50 150 14 24
50 100 66 15
22 22
26 14

Goi ¥: Chon mot nit u 1am gdc va DFS thiét 1ap quan hé cha-con trén cAy.

Goi F[i] 1a Do dai canh ngin nhét trén Pudng i tir i vé goc u
Goi SFIi] 12 tong sb canh c6 Do dai bang F[i] trén Puong Pi tir i gbc u

V6i 2 Dinh s,t tim v 12 Dinh chung gan nhét trén Pudng Di tir s vé u va Puong bi tir
tvéu.

C6 thé tinh Pugc Do dai Poan ngin nhat ¢, trén Duong Pi tir s vé v dwa vao F[s],
FS[s] va F[v], FS[v].

Tuong tu tinh Pugc ¢, 1a Poan ngén nhét trén Puong bi tir t ves
Két qua Poan ngén nhét trén Puong bi tir s Pén t 1a min(cy,c,)

Thuét todn tuong ty cho yéu cu tim Doan Puong dai nhét.
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Bai todn: Cay nhi phan (BTR)

Xét cay nhi phan, mdi nit ctia ciy c6 2 nit con: nit trai va nit phai. Mdi nit c6 mot
gid tri nguyén. Néu nit cha c6 gid trj x, thi ndt con trdi ¢6 gid tri 2x va nit con phai c6 gid tri
2x+1. Niit gbc ciia ciy c6 gid trj 1.

Xuét phat tir ndt, gbc Pudng duyét cdy i thim mot nidt ndo D6 c¢6 thé mod ta bang
xau chtra céac ky tu tr tap {L,R,P}. Ky tu L n6i 1€n rﬁng tur nut hién tai ta s€ Di sang nut trai
cua no6 trén Puong tham, con ky tu R - xac Pinh viéc Pi sang nit phai. Ky tu P xac Dinh
viéc tam dung, tai budc nay khong chon nhanh Di tiép. O cubi cung bi dan téi 1a 6 Pugc
tham. Gid tri 6 nay Pugc goi la gia tri tham cta Puong. Vi du Puong duyét LR cé gid tri
tham la 5, con Buong RPP ¢6 gid tri tham la 3.

Trong nhiéu trudng hop, ngudi ta phai duyét cdy va tham mot sb nit. Dé biéu dién
tap cdc Puong duyét cdy ngudi ta st dung ky tu “* Dai dién cho ky tu bat ky trong tap
{L, R, P}. Vi du tap Duong duyét L*R s€ xac Pinh 3 Puong duyét: LLR, LRR va LPR voi
céc gid tri tham tuong Ung 12 9, 11 va 5. Nhu viy tong gid trj thim cua tap Puong nay 12 9
+11+5=25.

Yéu chu: Cho xau S Do dai khong qua 104 ky tu xac Dinh mét Buong duyét hodc tap
Puong duyét. Hay xdc Pinh tong gid trj tham xdc Dinh bdi s.

Dit liéu: BTR.INP
Y GOom mot dong chira xau s
Két qua: BTR.OUT
Y Mot s6 nguyén 1a tong gid trj thim
Vidu:
BTR.INP BTR.OUT
L*R 25
Goiy:
e e e
cc:=1;
for i:=1 to length(s) do
begin

if s[i]="'L' then F[i]:=F[i-1]1%*2
else if s[i]='R' then F[i]:=F[i-1]1*2 + cc
else if s[i]="'P' then begin end
else
begin
Fli]:=F[1i-11*5 + cc;
cc:=cc*3;
end;
writeln(F[i])
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VAN DE: SAP XEP TOPO VA UNG DUNG

Bai todn: Sap xép Topo

Cho Db thi ¢6 hudéng khong chu trinh. Tim céch sip xép thtr tw cdc Pinh sao cho
moi cung (u,v) ctia D6 thi thi Pinh u ndm truéc Pinh v trong diy Pa sip xép. Hay ndi cédch
khéc 12 tim cdch Pénh s6 céch Pinh cta D6 thi (cdc Dinh khéc nhau c6 sd khic nhau) sao
cho moi cung (u,v) Déu ndi Dinh ¢6 chi s6 bé hon Dén Binh ¢6 chi s6 16n hon.

Hudng gidi quyét:

Cach lam thi nhét: trong Db thi c6 hudng khong chu trinh thi lun ton tai it nhat
mot Pinh c6 bac vao bang 0(co the chung minh bang phan chimg). Lan luot 1dy cic Dinh bac
vao bang 0 ra khoi Do thi, cho xép & vi tri Dau tién, bo cdc cung ra tir nhimg Pinh bac 0 nay
thi Do thi s& xuat hién nhimg Dinh bac 0 mai. lai lay nhiing Dinh béc 0 nay xép vao vi trf tiép
theo. Ctr lam nhu vay cho Dén khi bo hét cac Dinh cua D) thi.

Céach 1am thit hai (Pon gian va dé cai Dat hon): Thuc hién qu4 trinh duyét DFES D6
thi, Pinh nao Pugc duyét xong sém hon s& nam ¢ vi tri cudi hon hay c6 chi s6 16n hon. Mo ta

cach lam nay nhu sau:

Procedure DFS (u:integer);

Begin
visited[u] :=true; {Panh d&u Pinh u P& thim}
for v:=1 to n do
If alu,v] and (not visited[v]) then {cé cung (u,v) va Pinh v
chua tham}
DFS (V) ;

num[u] :=id; {g&n chi sb cho Pinh u 1la id}
gqlid] :=u; {mdng th¥ tyu cdc DPinh}

dec (id) ;
End;
Procedure Process;
Begin
fillchar (visited, sizeof (visited), false);
id:=n;
for u:=1 to n do
If not visited[u] then DFS(u);
End;

Thuét todn sip xép topo ¢ nhiéu tmg dung quan trong s& Puogc xét sau Day.

Bai todn: Puong Di dai nhit.
Cho D6 thi c¢6 hudng khong chu trinh, tim Puong Di dai nhét xuat phat tir mot Dinh
va két thiic tai mot Dinh (D dai Pudng Pi Pugc Pinh nghia 13 s6 cung trén Pudng Di).

Hudng gidi gu,\gét: do Db thi c6 hudng khong chu trinh nén c6 thé dung thuit todn sip xép
topo B¢ Bénh s6 D06 thi (dung céc so tir 1 Bén n Bé Pénh s0).
Goi F[i] 1a Bd dai Buong Di dai nhat néu bat Bau tir Pinh c6 chi s0 i.
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JF[n]=
Ap dung Quy hoach Pong: 0 1=

CFl = max(FT jl+INi in=1 —1;ji +1 — n; (i, placung
Két qua B¢ dai Buong Di dai nhat 1a max(F[i]). Dung thém mang truy vét trong phan

QHD néu mudn xuat ra Puong Bi dai nhit.

Topo; {thudt todn sx topo dung mang g De luu tht tu Pinh Pa sip xép}
{gli]l=u nghia la Pinh u & vi tri i hay cé nhan la i}
F[n]:=0;
For i:=n-1 downto 1 do
Begin
k:=0;
for j:=i+l1 to n do
if algqlil,qlJ]] then
{néu cé cung nbi Pinh cé nhadn i vdéi Pinh cé nhan 7J}
if £[j]+1 > k then

begin
k:=f[3]+1;
tracel[i] :=7j;
end;
F[i]:=k;
End;
K:=0;

For 1:=1 to n do k:=max(k,F[i]);
erteln(k); {Bo dai Buong Dl dai nhét}

Chu ¥: c6 thé tim Do dai Puong i dai nhét bang cédch khac 1a :

Luot 1: bo Di cdc Pinh ¢ bac vio bang 0 trong Db thi. Bé Pi cdc cung ra tir nd.
Sau khi bo, D6 thi xuét hién nhitng Pinh ¢6 bac vao br?mg 0 moi. Tiép tuc thuc hién luot bd
thtr 2 twong tu luot 1. Cr thuc hién nhu thé cho Pén khi nao bo hét cic Pinh caa DO thi thi sd
luot bo Puoc thuc hién chinh 1a B dai Puong bi dai nhAt.

Bai todn: . Tong s6 Puong Pi ’
~ Cho D06 thi ¢6 hudng khong chu trinh va 2 Dinh s,t. Cho biét ¢6 bao nhiéu Puong bi tir
s Bén t. (2 Puong Di khéic nhau néu thir ty céc Pinh trén chiing khac nhau)

Huodng giai gugét Pau tién sir dung thuat todn topo Dé bénh s6 D6 thi. Mang num[u] cho
biét chi s6 cia Pinh u va méang q[i] cho biét Binh ¢6 chi s0 i. (num[u]=i Y qli]=u)

Ap dung tu tuéng Quy hoach Pong goi F[i] 12 s6 con Puong xuét phit ¢ Pinh ¢ chi s6 i va
két thic ¢ Dinh t.

Khoi tao EF[(]U]]=1
DF[) O(Y itq[i])
= OF[il=) F[jl1\j:i+1—n;(i,)) lacung

Cong thirc QHD:
, izglt] =1 — gls]
K&t qua cua bai toan 1a F[q[s]].
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Topo;
Fillchar (F, sizeof (F),0);
Flglt]]:=0;
For i:=g[t]-1 downto g[s] do
Begin
k:=0;

for j:=i+l to n do
if alqlil,ql3]] then
{néu cé6 cung ndéi Pinh cé nhédn i vdéi Pinh cdé nhan Jj}
k:=k + F[]J];
Fl[i]:=k;
End;

Writeln(F[gls]]l);

Luyén tap:

Bai todn: Thuc hién dw an

C6 mot du 4n Puoc chia thanh nhiéu cong viéc nhé hon. Mdi cong viéc can mot
khoang thoi gian nao D6 Dé hoan thanh. Pong thoi mot sé cong viée “rang budc nhau” va
chi Puoc bat Dau thuc hién khi Da hoan thanh xong mat ) cong viéc nao P4.Tim thoi gian it
nhét P& hoan thanh du dn (cho biét c6 thé thuc hién nhiéu cong viéc mot lic néu cdc cong
viéc nay khong “rang budc nhau”).
Dir liéu:

¥ Dong Pau tién ghi n 1a s6 cong viée ctia du 4n n<100

Y Dong tiép theo ghi n sb , s6 thir i 12 thoi gian T; Dé thyuc hién cong viéc i.
(Ti <100.000)

Y N dong tiép theo, dong thir i liét ké chi s cdc cong viée j ma cong viéc j phai
Puogc hoan thanh trude khi thuc hién cong viée i. Quy wéc dong thir i ghi sé 0 néu
cong viéc i khong bi rang budc boi cong viée nio (c6 thé thuc hién & bat cur thoi
Diém ndo).

Két qua:

Y Dong Pau ghi YES hay NO tuong tng véi viéc c¢6 thé hoan thanh dy 4n hay
khong.

¥ Néu dong Pau 1a YES thi dong sau 12 thoi gian it nhat Dé hoan thanh du 4n.

01 y: Xét D6 thi c¢6 n Pinh Pai dién cho n cong viéc.Xay dung cung (u,v) néu cong viée v chi
Duorc thyc hién sau khi hoan thanh cong viéc u va trong s6 cung nay bang thoi gian thyc
hién cong viéc v. Xy dung thém Dinh n+1 c6 cung ndi véi tit ca cdc Dinh con lai va trong sb
bang thoi gian thuc hién cong viée D6.

Néu Pd thi Ba xay dung c6 chu trinh thi dy 4n s& khong thé hoan thanh. Nguoc lai
thoi gian it nhat Dé hoan thanh dy 4n la trong s6 Puong Di ¢6 trong s6 16n nhét trén PO thi.

Bai nay st dung thuét todn gidng bai “Puong Pi dai nhat & trén chi c6 Diéu o bai
trén cic cung c6 trong sd 12 1 con & Py céc cung c6 trong sb 12 thoi gian Dé thuc hién
cong viéc tuong Umg.

Chii y: Thuat toan Topo c6 thé sir dung Dé kiém tra xem D0 thi ¢6 chu trinh hay khéng ?.

Bai todn: Vong Dua xe Pap (BIC)
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Mot vong Pua xe Pap Puoc t6 chirc trén N thanh phd, Péanh s tir 1 Bén N. C6 M
Puong noi (mot chiéu) gitra cac thanh phd. Vong Pua bat DBau tir thanh phd 1 va két thidc tai
thanh pho 2.

Yéu ciu: Hoi c6 bao nhiéu céch t6 chirc cic vong Pua? (Biét hai vong Pua 1a khac nhau
néu ching khong sur dung cic tuyén Puong nhu nhau)
Dir liéu: BIC.INP
Y Dong 1: N, M
Y M dong tiép theo: moi dong chira hai s0 nguyén A, B, cho biét c6 mdt Puong noi
gilra thanh pho A va thanh pho B
Céc thanh pho c6 thé n6i véi nhau boi nhiéu hon mot con Buong
Két qua: BIC.OUT
¥ Gom 1 dong duy nhat: sb cach td chirc cic vong Pua.
Y Neéu két qua ¢6 nhiéu hon 9 chit s0, chi can in ra 9 chir s0 cudi cung.
Néu ¢6 v so cach to chuc cac Puong Pua, in ra “inf”.

Giéi han:
¥ 1<N<10*
¥ 1<M<10’

Vi du:
BIC.INP [BIC.OUT BIC.INP | BIC.OUT
8 14 6 22 inf
67 12
68 21
75
5 2
5 3
4 8
1 6
5 2
75
6 4
1 4
5 2
7 4
83

Bait todn: 1.6 co - HSG QG 2008 (JUMP)

Nhay 10 cd 1a trd choi dan gian cta Viét Nam. Nguoi trén hanh tinh X ciing rat
thich tro choi nay va ho Da cai bién trd choi nay nhu sau: Trén mat phiang v& n vong tron
Puogc Panh sb tir 1 Bén n. Tai vong tron i nguoi ta Dién s nguyén duong ai. Hai s0 trén
hai vong tron tuy ¥ khong nhét thiét phai khdc nhau. Tiép Dén nguoi ta v& cdc mii tén,
mdi miii tén hudéng tir mot vong trdon Dén mot vong tron khic. Quy tic v& miii tén 1a: Néu
c6 ba sb a;, aj, ax thoa man ay = a; + a; thi vé miii t€n hudng tir vong tron i bén vong tron k
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va mui tén huong tir vong tron | Pén vong tron k. Nguoi choi chi Buoc di chuyen tor mot
vong tron Pén mot vong tron khic néu c6 miii tén xuat phat tir mot trong s6 cdc vong
tron, di chyén theo cich miii tén D vé Dé Bi Dén cdc vong tron khéc. Ngudi thing cudc s& 12
ngudi tim Puoc cich di chuyén qua nhiéu vong tron nhat.

Vidu: Vi 5 vong tron va cac $6 trong vong tron la 1, 2, 8, 3, 5, trd choi Pugc trinh bay
trong hinh dudi Day:

| 2 5
R sy
_Khi D6 ¢6 thé di chuyén Dugc nhiéu nhat qua 4 vong tron (twong ung voi Puong di
Chllyél‘l Puoc t6 Dam trén hinh ve). i ’ i i
Yéu cau: Hay xac Dinh xem trong trd choi mo ta ¢ trén, nhiéu nhat ¢6 thé di chuyén Puoc qua
bao nhiéu vong tron.
Dir liéu: JUMP.INP
¥ Dong Pau chira s6 nguyén n (3 < n < 1000);
hof D/bng th@ hai chira day sO nguyén duong aj, ay, ..., a (3 < 10°,i=1, 2...., n). Y
Hai s6 lién ti€p trén mot dong Puogc ghi cach nhau béi dau céch.
Két qua: JUMP.OUT

¥ Ghi ra s6 lugng vong tron trén Pudng di chuyén tim Pugc.

Vidu:
JUMP.INP | JUMP.OUT
5 4
12835
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VAN PE: PHAT HIEN CHU TRINH

Bai todn: Chu trinh trong Pd thi cé hwéng

Cho D) thi c6 hudéng G, kiém tra xem D0 thi ¢6 chu trinh khong va xuét ra chu trinh
bo.
Huéng gidi quyét:

Cach thi nhat: V&i mbi cung (u,v) cua Do thi G, thir bo cung (u,v) va kiém tra
xem ¢6 Puong Pi tir v Bén u khong. Néu c6 thi Pudng Di nay két hop véi cung (u,v) tao
thanh mot chu trinh.

Céch thir hai: V6i mdi Pinh u ciia D thi, néu Pinh nay chua Puoc duyét thi thuc
hién qud trinh DFS tir Binh D6, trong qué trinh DFS, néu gip Dinh v ma Dinh v lai Pang
nam trong qud trinh duyét DFS thi c¢6 chu trinh xuét phdt tir Pinh D6. Chd y: Panh déu
nhimng Pinh D3 duyét trong qué trinh DES D¢ han ché nhimg Dinh u.

u

Procedure DFS (u:integer);
var v:integer;
begin
inDFS[u] :=true; {danh dau dinh u dang trong qua trinh DFS}
visited[u] :=true; {danh dau dinh u da duoc tham}
for v:=1 to n do
if alu,v] then
if not wvisited[v] then

begin
DFS (V) ;
Trace[v]:=u; {mang de truy vet duong di}
end
else if inDFS[v] then
begin

{xuat chu trinh xuat phat tai v va ket thuc tai u dua vao
mang Trace}
end;
inDFS[u] :=false; {ket thuc qua trinh DFS tu dinh u}
end;

Procedure Process;

Var i:integer;

Begin
Fillchar (inDFS, sizeof (inDFS), false);
Fillchar (visited, sizeof (visited), false);
For i:=1 to n do
If not visited[i] then DFS(1i);

End;

50



MGt s6 van Dé Pdng chii ¥ trong mon tin hoc

Mo rong yin Pé: Néu Do thi vo huéng G 1a dang Pic biét: mdi Dinh c6 Pung 1 cung ra thi
viéc phat hién chu trinh Puoc thuc hién mot cich dé dang hon: tir mot Pinh ¢ thé 1an
theo cac cung ndi tiép nhau Dé xdc Dinh xem c6 chu trinh xuét pht tir Dinh D6 khong.

Ngoai ra, vi moi Pinh c¢6 Ping 1 cung ra nén mdi Pinh hoic khong thudc chu trinh
nao hoac thudc duy nhét 1 chu trinh. Do D6 ta ¢6 thé liét ké tht ca céc chu trinh cua D) thi
bang cich tim mot chu trinh, bo chu trinh D6 khoi DO thi va thyc hién tim kiém chu trinh tiép
theo cho Pén khi ndo D6 thi hét chu trinh.

Ung dung chu trinh trong dang D6 thi Dac biét nay Dé giai 2 bai todn sau:

Bai todn: Tép cac 14 bai cwe Dai (CARD)

Cho n 14 bai ( n <20000) Pugc Pénh s6 hleu tir 1 Bén N. Trén méi 14 ba1 ghi mot )

nguyén F[i], (1 <F[i] <n, i = 1..n), ¢6 thé c6 nhiéu 14 bai cing ghi mot sd. Hay chon ra trong n
14 bai trén mot tap nhiéu nhat céc 14 bai sao cho tip hop cic sd hiéu cua cdc 14 bai Pyoc chon
gidng hét véi tap hop cua cdc sd ghi trén céc 14 bai.

Dir liéu: CARD.INP

Y Dong Dau ghi so n.

¥ Dong tiép theo gdm n s6, s6 thir i 1a s6 ghi trén 14 bai thir i.
Két qua: CARD.OUT

¥ Dong Dau ghi s k, 1a s 16n nhat cac 14 bai Pyoc chon.
Y Dong tiép theo ghi k s0 1a so hiéu cua cac 14 bai Puoc chon theo thir ty ting dan.

Vi du:
CARDINP CARD.OUT
14 10
568932417109263 123456789 10

Goi g Xét Do thi n Dinh, mdi Dinh Pai dién cho mot 14 bai. La bai 1 ¢6 ghi sd nguyén F[i]
thi ¢6 cung néi Dinh i v6i Dinh F[i] trén D thi. D& thay Day 1a DJ thi Dac biét nhu Da néi &
trén.
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g0 oy
3 o
DA DD A,

Tim tit ca cdc chu trinh trén D thi, cac Dinh nam trong cic chu trinh s€ Dai dién
cho céc 14 bai trong tap Pugc chon. (cdc ban ty ching minh tinh Bing Pan cua thuat toan).

Bai todn: Hé thong dir liéu ciia Ngan Hang (HTDL)

Mbt ngén hang ¢6 N chi nhanh c6 tén tir 1 Bén N, mdi chi nhanh c¢6 mot hé thong dir
liéu (HTDL), hai chi nhdnh khéc nhau ¢c6 HTDL khac nhau. Trong mét lan thay Doi may
tinh ctia toan bd N chi nhéanh, do so xuét, ngiroi ta D3 cai Dt khong Ping vi trf clia céc
HTDL, chiang han HTDL tai A 12 ciia chi nhdnh B, tai B 1a cta chi nhanh C, ...(c6 thé ¢6
chi nhanh Pi giit Ding HTDL ctia n6), mdc dit hai chi nhdnh khdc nhau van giit hai
HTDL khdc nhau.

Can phai tién hanh trdo Ddi cdc HTDL gitta cdc chi nhanh sao cho mdi chi nhinh c6
Puoc HTDL ciia né. Giita hai chi nhanh c6 thé tién hanh trao D6i trong mot ngay, hai cap mdy
khac nhau c6 thé 1am Don thoi cong viée nay trong ciing mot ngay. Hiy tinh xem can it nhat
bao nhiéu ngay Dé hoan tit cong viéc ndy.

Dir liéu: HTDL.INP
% Dong Pau ghi s6 N <= 10000.
Y Dong thir hai ghi N s0, s0 thtr i 1a HTDL cta chi nhanh ma chi nhanh i Pang gilr
hi¢n thoi.
Két qua: HTDL.OUT
¥ Dong Pau ghi s6 M 1 s6 ngay it nhit can cho viéc trdo Doi.
bof M dong tiép theo, moi dong gom n s, sO thir i trong n s6 D6 12 s6 hiéu chi nhanh
tién hanh trdo Poi véi chi nhanh thit i trong ngay D6.

Vidu:
HTDL.INP HTDL.OUT
7 2
4312675 3412765
1243576

Goi y: Xem N chi nhanh ngén hang 1a N Dinh cua D thi, chi nhanh i Pang giitt HTDL ctia chi
nhdnh j thi ¢6 cung (i,j) trén D6 thi. De thay D6 thi Pa xay dung 1a D6 thi Pac biét nhu Pa néi
O trén.
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Khong nhirng the Do thi nay con Pic biét hon & chd khong nhitng mdi Pinh ¢6 duy
nhat mot cung ra ma mdi Pinh con ¢6 duy nhit mét cung vao. Do D6 c6 thé chimg minh
Puoc rang mdi Pinh cta Pd thi thudc duy nhat mot chu trinh hay néi céch khéac c6 thé
phan DO thi thanh cdc chu trinh Poc l4p (khong c6 Dinh chung).

Ching minh: tr Dinh u bét ki, bi l4n theo cung ra, do s6 Pinh c6 han nén bén mot
ltic nao D6, ta gip phai mot Pinh v ma Pinh v ¢6 cung ra duy nhat Dén Dinh t Da Pi qua. Ta
s€ ching minh Dinh t D6 1a Dinh u. That vy, gia su t khac u thi Dinh t s€ c6 2 cung vao:
(v,t) va mot cung khédc trén Pudng i tir u Pén t => vo 1y.Vay xuét phat tir mot Dinh u bat
ki, ta tim Pugc mdt chu trinh cling Kkét thic & u. Mait khic mdi Pinh chi ¢6 mot cung ra va
mot cung vao nén khong cé DPinh nao thudc 2 chu trinh. Hay cdc chu trinh 1a Bdc 1ap voi
nhau.

Tro lai bai todn, sau khi xay dung xong Do thi, ta cin Pua Do thi vé dang ma moi
Dinh ¢6 cung ndi véi chinh né. Xét 1an luot cc chu trinh:

Véi mdi chu trinh x,X5...X,,X]. Trong ngay 1 ta tién hanh hoan D6i HTDL cua chi
nhanh x; v6i chi nhanh x,, chi nhanh x, véi chi nhanh x,,.; ...chi nhanh x, g2 v&i chi
nhdnh X, - (n div 2)+1- ) q

O vi du trén ta c¢6 chu trinh 1,4,2,3,1 - trong ngay 1 tién hanh hodn Pdi cung ra cia
Dinh 1 vé6i Dinh 3, ctia Dinh 4 v6i Pinh 2. va vé6i chu trinh 5,6,7.5 - ta hodn Doi cung ra cua
Binh 5 véi Dinh 7.

Sau khi hodn Déi hodc D6 thi Pa Puoc Pua vé trang mong mubn, hodc DS thi c6
Puoc phan thanh cdc chu trinh ma moi chu trinh chi ¢6 1 Dinh hodc 2 Dinh (Véi truong
hop chu trinh ¢6 2 Pinh, ta can thém mot ngay nira Dé hodn P61 HTDL cua 2 chi nhénh
nay cho nhau)
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Do b6 bai toan cin t6i Da 2 ngay hoan tit cong viée

Luyén tap:

Kénh xung yéu - HSG QG 06 (CIRARC)

Mot hé théng n may tinh (cdc mdy tinh Pugc Panh s6 tr 1 Pén n) Puge nbi lai thanh

Bai todn:

mot mang bdoi m kénh nodi, moi kénh ndi hai mdy nao B6 va cho phép truyén tin mot chiéu tur
mdy nay Pén mdy kia. Ta goi mot mach vong cua mang Pa cho 1a mdt day cdc mdy tinh va
cac kénh noi ching c6 dang:

Uy, €1, U, ...,Uj, €y Uixl, ooy U1, €k-1, Uy, €k, UL

trong D6 uy, uy, ..., ux 1a cdc may tinh khac nhau trong mang, ¢; - kénh truyén tin tr may u; Dén
may u (i =1, 2, ..., k-1), e 1a kénh truyen tm tw may u; Dén may u;. Mot kénh truyen
tin trong mang Bu’oc goi 1a kénh xung yéu néu nhu bat cir mach vong nio ctia mang ciing
Péu chtra no.

Yeéu cau: Hay x4c Dinh tat c4 cic kénh xung yéu ciia mang Pa cho. Dir

liéu: CIRARC.INP
¥ Dong Pau tién chu:a 256 nguyén duong n va m.
¥ Dong thir i trong s6 m dong tiép theo mé ta kénh ndi tht i bao gom hai s6 nguyén
_duong ui, vi cho biét kénh ndi thir i cho phép truyen tin tir may ui Dén may vi.
Cic s trén cting mot dong Puoc ghi céch nhau boi ddu céch.

Két qua: CIRARC.OUT

¥ Dong Dau tién ghi s6 nguyén k 1a s6 luong kénh xung yéu trong mang Di cho. Ghi
k = -1 néu mang khong chura kenh xung yéu.

bof Neu k>0 thi moi dong trong s k ~dong tiép theo ghi thong tin vé mot kénh xung
yéu tim Puoc theo qui cich md ta giéng nhu trong file dit liéu vio.

Han ché: Trong tat ca céc test: n < 1000, m < 20000

Vi du:
CIRARC.INP | CIRARC.OUT CIRARC.INP | CIRARC.OUT
22 2 33 -1
12 12 12
21 21 23
13
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gi y: Xét Db thi c6 huong biéu dlen hé théng n mdy tinh. Tim mot chu trinh bt ki (co
Do dai cang nho cang tét). Vi mdi cung trong chu trinh nay, thir bo cung nay Di va kiém
tra xem D6 thi con chu trinh trinh khong. Néu khong thi cung vira bo Di ting véi 1 kénh
xung yeu.

Bai todn: H¢é théng thong bao hoan thién (TBHT)

Mot truong ¢ N hoc sinh véi tén 1.N, N<=10000. Mot hé thong thong bdo trong
truong Pugc to chire va hoat Dong nhu sau. Mbi hoc sinh chon mdt hoc sinh duy nhat
khédc (Puoc goi la nguoi ké tiép) Bé truyen tryc tiép thong bdo. Mbi hoc sinh khi nhan
Bugc thongbéo phai truyén cho ngudi ké tiép minh.

Hé thdng thong bio Pugc goi 1a hoan thién néu khi mgt hoc sinh bét ky phat Bi mot
thong bdo nao 6 téi nguoi ke tlep, ngudi D6 lai truyén cho nguoi ké tiép, ctr tlep tuc nhu
vay, thong bdo s& Pugc truyén Dén moi ngudi trong trudng ké ca ngudi ban Pau Da phit
Di thong béo.

Dir liéu: TBHT.INP

¥ Dong thir nhit ghi s6 nguyén duong N.

¥ Trong N dong tiép theo, dong thir i ghi tén ngudi ké tiép cua nguoi i.

Can xét xem hé théng théng bdo Di cho c6 hoan thién khong. Néu khong hiy thay Doi
nguoi ké tiép ctia mot s it nhét nguoi Pé nhan Pugc mot hé théng thong bao hoan thi¢n.

Két qua: TBHT.OUT

Y Dong thir nhét ghi s6 T 1a s6 ngudi can thay Doi ngudi ké tiép (T=0 c6 nghia 1a hé
théng l1a hoan thién).
¥ Néu T>0, trong T dong tiép theo mdi dong ghi hai s6 U, V ¢6 nghia la V 1a nguoi
ké tiép méi ctia U.
Vidu:

TBHT.INP | TBHT.OUT
1
41

[\CTIF N OS \O J SN

Goi y: Chuyén vé bai todn PO thi Dac biét, can thay Doi cung ra cua it nhét cic Pinh sao
cho Do thi la mot chu trinh duy nhat. Cach giai quyét Pon gian 1a:

Xuét phét tir Pinh u ¢6 bic vao bang 0, Pi 1an theo cc cung cho Pén khi nao gip
Dinh v ma Dinh v ¢6 cung ra ndi Dén mot Dinh Da i qua (Dinh nay khéc u) thi tién hanh
thay D4i cung ra ciia Dinh v nbi Dén u. Lap lai bude trén cho Dén khi khong con Pinh u
nio ¢ bac vao bang 0.

Khi D6 hodc D6 thi 1a 1 chu trinh (dang hoan thién) hodc D6 thi gom nhiéu chu
trinh riéng biét - trong trudng hop nay can thyuc hién thém budc “ghép ndi” cdc chu trinh véi
nhau Pé Pugc mét chu trinh duy nhét
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Bai todn: Chu trinh co ban (CIRCUIT)

Mot khu du lich ¢6 n Pia Diém Pénh sd 1, 2, ..., n va mot sd Puong Di hai chiéu ndi
nhirng cip Dia Piém D6. Giita hai Dia Diém bat ky c6 nhiéu nhat 12 mot Duong Di ndi
chuing.

Mot khach du lich xuét phat tir Dia Diém S mudn Di thaim mot sé Pia Piém khac rdi
sau D6 quay trd vé S. Pé tranh sy nham chén, 6ng ta mudn tim mot hanh trinh khong qua
mdt con Pudng hay mot Pia Piém nao qua mot 1an (T4t nhién, ngoai trir Dia Diém S phai
6 mit trong hanh trinh hai 1dn boi D6 12 noi bat Pau cling nhu két thiic hanh trinh).

Yéu ciu: Hay chi Puong cho du khich D6.

Dir liéu: CIRCUIT.INP
¥ Dong 1: Chia hai sd n, S (3 <n < 200).
Y Cac dong tlep theo, mdi dong chira hai sb nguyén duong u, v cho ta thong tin:
gitta hai Dia Diém u va v ¢6 mot Pudng Di hai chiéu ndi ching.

Két qua: CIRCUIT.OUT

Y Dong 1: Ghi tir YES hay NO tuy theo c6 ton tai hanh trinh thoa min yéu ciu cua
du khéch hay khong

Y Néu dong 1 ghi tir YES, dong 2 ghi hanh trinh tim Puogc: Bt Pau 1a Dia Piém S,
tiép theo 12 danh sdch cic Pia Diém s& Di qua theo Puing thir tu trong hanh trinh,
cudi cung lai 1a Pia Piém S.

Vidu:

CIRCUIT.INP | CIRCUIT.OUT
71 YES
12 17651

15
17

23

24
34
56
67
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VAN PE: CHU TRINH EULER

Bai_todn: Chu trinh Euler trong P thi vé huéng.

Cho DG thi v6 huéng G lién thong, tim chu trinh xuit phat tir mot Dinh, Di qua tat ca
cdc canh, mdi canh mot 1an va két thic tai Pinh xuit phat. Chu trinh nhu vay goi la chu
trinh Euler.

Huong gidi quyét:
Trudce hét ta chung minh Pinh 1y quan trong sau Bay: Mot D6 thi vo hudng lién
thong c6 chu trinh Euler khi va chi khi moi Dinh cua n6 Déu c6 bac chan.

Chirng minh chiéu thuian: Goi u l1a Pinh Xuét phét, chu trinh Euler u,uj,uy,...,up,u. Néu
xem chu trinh Euler u,u;,u,...,un,u 12 mot Puong Bi (d) xudt phat tir u va két thic tai u.
Véi Pinh v bat ki, ta Dinh nghia s 1an Di qua Pinh v trong Puong Bi (d) 12 s6 1an i tir Dinh
v’ Bén v 16i tir v Dén v’*. Suy ra not lan Bi qua Dinh v tuong tmg voi Di qua 2 canh ndi

v6i Dinh v. Mat khdc chu trinh Euler bi qua tat ca cac canh mot 14n nén c6 thé dya vao sb lan
Pi qua Dinh v Dé xdc Binh bac ctia Binh v. Cy thé nhu sau:

Néu v khac u, goi s6 1an Di qua Dinh v 12 k thi s6 canh ndi véi Dinh v 1a 2k hay Dinh v
¢6 bac chan.

Néu v triing v&i u, goi s6 1an Pi qua Pinh v 12 k thi s canh ndi voi v 1a 2k cong
thém canh (u,ul) va cong thém canh (um,u) tirc la 2k+2, suy ra bac cua Dinh u ciing 1a mot
s0 chan.

Vay véi D6 thi v huéng G lién thong c¢6 chu trinh Euler thi moi Dinh cua G Péu c6
bac chan.

Chimg minh chiéu nghich: Goi G 12 D6 thi v hudng lién thong ma moi Dinh Péu c6 bac
chén. Ta s& chimg minh G ¢6 chu trinh Euler.

That vdy, néu xuit phét tir Dinh u bat ki trong Db thi, Di theo mot Puong i (d) bat ki
qua cic canh (m01 canh chi qua nhiéu nhat 1 lan) va Dudng Di chi dimng lai tai Dinh v néu tir
v khong thé bi tlep Puoc nira (do cac canh ndi v6i v Béu ba Puogc Di qua). Ta s€ ching
minh Dinh v tring vé1 Dinh u.

Ta ¢6 (d): u,uy,uy, ..., un,v. Gia sit v khong tring v6i u, goi k 12 s6 1an Pi qua Pinh v thi
s canh ndi voi v 1a 2k cong thém canh (um,v) hay bac cta Dinh v 1a 2k+1 (1a mot s6 1é) - Vo
ly. Vay v trung véi u.

Nhu vidy mdy Dudng Di (d) bét ki khi két thiic thi cho ta mot chu trinh, goi 1a C;, bo
chu trinh nay ra khoi D6 thi va tiép tuc mot Pudng Di khéc, ta lai Pugc chu trinh C,, cir
lam nhu vdy cho Pén khi moi canh cua Db thi Péu Pa Puoc Di qua, ta Pugc tap cc chu
trinh C;,C,...C.. Do Db thi lién thong nén tap cac chu trinh nay cé giao nhau tai cac Dinh.
Do D6 c6 thé méc ndi cac chu trinh nay Dé tao thanh mét chu trinh duy nhat. Chu trinh D6
chinh la chu trinh Euler

Dinh 1y trén gitdp kiém tra D thi c6 chu trinh Euler hay khong, néu c6, sir dung
thuat toan sau Dau Dé tim ra chu trinh.
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M0 ta thuat todn:
Cho Pinh u bit ki vao Stack
Ldp
Ly tu Stack ra Pinh u.
Néu tén tai Pinh v ma (u,v) Pang la canh thi bd canh (u,v) va
thém binh v vao Stack

Nguoc lai in ra Pinh u la Pinh trén DPuong Pi Euler.
Cho Pén khi Stack rong

Procedure process;

Begin
Top:=1; Q[1]:=1;
Repeat

=Q[top];
For v:=1 to n do
If afu,v] > 0 then
Begin
dec(afu,v]); dec(al[v,ul);
Inc(top); Qltopl] :=v;
Break;
End;
If u = Q[top] then
begin
writeln(u,’” -> Y);
dec (top) ;
end;
until top = 0;
End;

Bai todn: Puwong Pi Euler trong Do thi vo hwong

Cho Do thi v6 huéng G lién thong, tim Duong Di xuat phat tir 1 Pinh qua tit ca cic
canh, mdi canh Piing mot lan va két thic tai mot Pinh khéc. Puong Di nhu vay goi 1a
Puong Di Euler.

Huong gidgi quyét: Piéu kién can va Bu Dé D) thi G gdm n Dinh ¢6 Puong Di Euler 1a n-2
Pinh cta G Déu c6 bac chan va 2 Dinh con lai ¢6 bac 1¢.

Thuit todn tim Du’orng Di Euler bang cdch thém vao 1 canh 4o ndi 2 Dinh ¢6 bac 1¢, sau D6
tim chu trinh Euler r61 bo canh 4o trén chu trinh vira tim Puoc.

Bai_todn: Chu trinh Euler trong Pé thij c6 hwéng.

Cho P06 thi ¢6 hudéng G lién théng yéu (néu xem céch cung 1a céch canh thi G tré thanh
Do thi v hudng lién thong), tim chu trinh xuit phét tir mot Pinh, Di qua tit ca cdc cung,
mdi canh mot 1an va két thic tai Dinh xuét phét. Chu trinh nhu vy goi 1a chu trinh Euler.

Huong gidi quyét; Ciing chimg minh twong ty nhu Doi véi DO thi vo hudng: G lién thong yéu
¢6 chu trinh Euler khi va chi khi moi Pinh cia G Péu c6 ban bac vao bang ban bac ra (so
cung vao bang so cung ra).
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Véi Dinh 1y trén, ta cling ¢c6 mdt cich tim chu trinh Euler (n€u cd) tuong tu:
Cho Pinh u bit ki vao Stack
Lap
Ly tu Stack ra Pinh u.
Néu tén tai Pinh v ma (u,v) Pang 1a cung thi bd cung (u,v) va
thém binh v vao Stack
Nguoc lai in ra Pinh u la Pinh trén budng Pi Euler.
{chy y Pudng Pi in ra sé& bi nguoc chiéu véi cédc cung)
Cho Pén khi Stack rdng.

Procedure process;

Begin
Top:=1; Q[1]:=1;
Repeat

=Q[top];
For v:=1 to n do
If al[u,v] > 0 then
Begin
dec(alu,Vv]);
Inc(top); Qftop] :=v;
Break;
End;
If u = Q[top] then
begin
writeln(u,’ <= Y);
dec (top) ;
end;
until top = 0;
End;

Bai todn: Puwong Di Euler trong Do thi cé hu’é’ng

Cho Do thi ¢6 huong G lién thong yéu, tim Duong Di xuat phét tir 1 Dinh qua tat ca cic
cung, mdi cung Ding mot 1an va két thic tai mot Dinh khac. Puong Di nhu vay goi 1a
Puong Di Euler.

H u’o‘ng gid guzet Diéu kién can va Du Bé D6 thi G gom n Dinh ¢6 Puong Di Euler 1a n-2
Dinh ctia G Béu c6 ban bac vao bang ban bac ra, va 2 Dinh con lai, 1 Pinh c¢é ban bac vao
hon ban bac rala 1 (Pinh u), 1 Pinh cé ban bac ra hon ban bac vao la 1 (Binh v).

Thuét todn tim Pudng Di Euler bing cdch thém vao 1 cung 4o (u,v) ndi 2 Pinh c6
chénhh Iéch ban bac vao - ban bac ra la 1, sau D6 tim chu trinh Euler trén bd thi ¢6 hudng 1o
bo cung 4o trén chu trinh vira tim Puoc.

Mot s6 bai todn 4p dung chu trinh Euler.

Bai todn; Néi tir (SECRET)

Pé md Puoc canh ctra bi mat & mot 1au Pai ¢d, cdc nha khao cd hoc phai giai quyét
van Dé sau: C6 mot luong 16n cdc manh nam chim & trude cdnh cira, trén mdi manh ghi
mdt tir. Cdc manh can Pugc sip xép thanh mot day sao cho ki tur Dau tién cua tir trén mdi
manh (tr manh thtr 2 tr¢ D1) phai gidng ki ty cudi ciing ciia tir trén manh trudc. Vi du
manh ¢6 tir “acm” ¢4 thé xép sau manh c6 tir “motorola”.
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Cho biét cdc tir trén N manh nam cham, hiy gidp cdc nha khéo ¢6 hoc kiém tra xem c6
thé ghép cdc manh thanh mét day hay khong B¢ mé Puoc canh ctra bi mat.

Dir li¢u: SECRET.INP

Y Dong Déu 1a 56 manh nam cham (N<30000)

Y N dong tiép theo, m01 dong mot xau ki tu mo ta mot tir Puge v1et trén mdt manh
nam chim (cdc tir gdm cdc ki tu tir ‘a’ Dén ‘z’, céc tir khac réng va c6 Do dai
khong qua 9).

Két qua: SECRET.OUT

Y Ghi trén dong Pau tién, néu cé thé xép Puoc thi ghi “possible’, néu khong thi ghi
‘impossible’

Goi y: Xét D6 thi G gdm cdch Dinh Pai dién cho céc ki ty tir ‘a” Dén ‘z’.V4i mdi tir trén
manh nam cham, ta thém mdt cung ndi ki tr Pau cta tir Pén ki tu cudi cua tir trén G. Bai
todn tré thanh kiém tra D6 thi c¢6 huéng G c¢6 Puong Pi Euler hay khéng. (chi ¥ kiém tra
tinh lién thong yéu cta G).

Bai todn: Vé Do thi (GRAPH)

Cho DPon Db thi vo hudéng G ¢6 N DPinh va M canh. Xét bai todn vé Do thi nhu sau:
Mbi 14n v& ta Dit biit tai mot Dinh, di chuyén biit qua cac Dinh, mdi lan Di tir Dinh nay Dén
mot DPinh khdc, ta lai v&€ thém mdt canh. Ta khdong Pugc phép vé mdt canh qua mot lan
(tinh c4 hai chiéu). V6i yéu cau nhu thé, ¢6 thé véi mot lan Dat buit ta khong thé vé DPuoc hét
céc canh ma phai ding nhiéu 1an nhac.

Yéu ciu: Hay tim céch v& DO thi cho trude sao cho sb 1an nhic biit 12 nhé nhat. Dir
liéu: GRAPH.INP
Y Dong Pau ghi hai s6 nguyén duong N, M (N<100, M<1000)
Y M dong tiép theo, moi dong ghi hai s6 u,v md ta mdt canh cua Do thi.
Két qua: GRAPH.OUT
Y Dong Pau ghi K 12 s6 1an nhic bt can dung.
Y K dong tiép theo, moi dong mo ta mot 1an v, trong D6 s6 Pau tién 1a s6 canh Pugc
Ve, tiép theo 1a cac Dinh xuat hién trén Puong v€ tuong ing.

Vi du:

GRAPH.INP | GRAPH.OUT
55 1

12 5123425
23
34
24
25
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Goi 2 Xét timg thanh phan lién théng G’ cua Db thi G.

Néu G’ khong c6 canh thi khong can dung nét v€ nao.

- Néu G’ khong c¢6 Dinh béc 1é thi can ding 1 nét v& : theo chu trinh Euler

- Néu G’ c6 k Pinh bac 1¢ (k ludn 1a s6 chan) thi can diing k/2 nét v& : bang cich
thém vao G’ k/2 canh ao ndi cic Pinh bac 1¢; sau khi thém, cac Pinh cua G’ DPéu ¢
bac chan. Tim chu trinh Euler trén G’ r6i bé Di k/2 canh 4o, ta Dugc k/2 1an nhic
bt twrong Ung.
(céc ban tu chung minh tinh Ping Dién cua cdch 1am)

Luyén tap:

Bai todn: Cot ciy so6 (MSTONE)

Mot mang ludi giao thdng gdm n thanh phd va m tuyén Puong xa 16 hai chiéu.
Giira hai thanh phdé bat ky c¢6 nhiéu nhit 12 mot xa 16 ndi truc tiép tir thanh phd nay téi
thanh phd kia. Trén mdi xa 16, nguoi ta Pa dung sin cdc cot ciy sb Dé chi Puong cho hanh
khach.

bé Dién s6 km trén céc cot cay sO, nguoi ta str dung mot ré-bot. Mudn Pién Pu céc
cot cdy sb trén mot tuyen Buong (u, v) thi 6 bbt phai thuc hién mot chuyén i tir u téi v
va mot chuyén Pi tir v vé u, ctr sau mdi km thi dimg lai va ghi vio mot mit cia mot cot
cay s0.

Vi du: Dé Pién céc cot cdy sb trén tuyén Puong Ha Noi - Hai Phong. Pau tién 16
bdt xuét phat tir Ha Noi, cr Di mdi km thi ding lai va Dién vao cot ciy s6 dong "Ha Noi
.. km", tat nhién chi c6 thé Pién vao mit quay vé hudéng Hai Phong boi RO bdt khong biét
Puoc tir D6 Bén Hai Phong con bao xa. Mubn Dién dong chit "Hai Phong ... km" 1én mit
con lai cta céc cot cy sd thi ro bdt phai thuc hién hanh trinh tir Hai Phong tré vé Ha Noi

Yéu chu: Gia thiét rang hé théng giao thong Dam bao su i lai gitra hai thanh phd bit ky.
Hay tim mot hanh trinh cua R6 bbt xuét phat tir thanh phé 1, bi Vlet Pay Du 1én cic cot
cay sO 101 quay trd vé thanh phé 1, sao cho mdi mit cua cot cdy sé bat ky nao ciing chi bi
viét mot 1an.

Dir liéu: MSTONE.INP

% Dong 1: Chira hai s n, m céch nhau mt ddu céch (2 < n <200)
Y m dong tlep theo, mdi dong ghi hai so u, v cach nhau mot dau cach: cho biét giira
hai thanh phé u va v c6 mét tuyén xa 16 néi chiing

Két qua: MSTONE.OUT

Y Ghi cdc hanh trinh r6 b6t phai Di: Bit Pau tir thanh phd 1, tiép theo 1a cdc thanh
phé bi qua theo Bung thr ty trong hanh trinh, két thic 1a thanh phé 1. Céc sb hiéu
thanh phé phai ghi cich nhau it nhat mot diu cach hodc dau xudng dong.
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Vi du:

MSTONE.INP | MSTONE.OUT

78 12676

12 525624323421
23

34
42

25

56
67

62

Bai todn: Ngu’(‘)’i Puwa thu (POS)

Mot buu td 6 vung qué can chuyén thu cho nguoi dan ¢ cdc ng6i lang cing nhu ¢
trén cac con Pudng ndi gitra cac ng01 lang. Ban can gidp buu ti im hanh trinh Pi qua mdi
ngdi lang va moi con Puong it nhat mot lan (dix liéu vao Bam bao mét hanh trinh nhu vay
ton tai). Tuy nhién, moi hanh trinh con Pugc gin voi mot chi phi. Nguoi dan 6 cac ngoi
lang Péu mudn buu ta Pén lang minh cang sém cang t6t. Vi vay mdi ngdi lang D3 thoa
thuan véi buu Pién, néu lang i la lang thtr k phan bi¢t Pugc tham trén hanh trinh va k < w;,
lang i s€ trd w; - k euros cho buu Dién. Néu k > w; , buu Dién Déng y tra k - w; euros cho
ngdi lang. Ngoai ra, buu Dién con tra buu t4 mot euro khi Di qua modi con Puong trén hanh
trinh.

C6 n ng6i lang, Duge Danh s6 tir 1 Bén n. Buu Dién Pugc it ¢ ngdi lang s6 mot, do
D6 hanh trinh can bat Pau va két thic tai ngoi lang nay. Mbi ngoi lang Bugc bat ¢ giao
Diém cua hai, bdn, hoic tim con Duong. C6 thé c6 nhiéu Puodng ndi giita hai ngdi lang.
Con Puong c6 thé 1a mot vong ndi mot ngdi lang véi chinh né.

Yéu chu: Viét chuong trinh xdc Pinh mot hanh trinh Di qua mdi ngdi lang va mdi con
Puong it nhat mot 1an, sao cho tong loi nhuan cua buu Dién 1a 16n nhat (hay tong thiét hai
1a bé nhat).
Dir liéu: POS.INP
¥ Dong Dau tién chira 2 sé nguyén n, m, cich nhau béi khoang trang; n (1 <n <
200), 1a s0 ng6i lang va m 1a s6 con Puong.
¥ Mbi dong trong s6 n dong sau chira mot s6 nguyén duong. Dong tht i+1 chira s6
wi, 0 < wi < 1000, xdc Binh chi phi Bugc tra boi lang 1.

hof M01 dong trong s6 m dong sau chira hai s6 nguyén dwong cdch nhau bai khoang
trang, md ta mot con Puong néi hai ngdi lang.

Két qua: POS.OUT
¥ Dong Pau tién chira s6 nguyén duong k, Do dai cta hanh trinh.
Y Dong thir hai theo chtra k+1 so cho biét cac ngdi lang Pugc tham theo thir tu trén
hanh trinh, cidch nhau boi khoang trang, trong B6 vi=vy,1=1.
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Vi du:

POS.INP [ POS.OUT
67 7
1 15421631

10
20

—_— W RN = DN DN
AN\ N = A

o1 y: Xét moi Duzong Di Euler (d) (hodc chu trinh Euler (¢)) ctia D6 thi. D& dang chung
mmh Puoc thir Pén thim cua cac ngoi lang khong quan trong hay noi cach khac moi
Puong bi (d) (hodc chu trinh (¢)) Péu c6 cing mot tong lgi nhuan thu Puge. Do D6 chi can
chi ra mét Puong Di Euler (d) (hoac chu trinh Euler (¢)) bét ki.

Bai todn: Tham hiém mé cung (PCYCLE)

Mot mé cung gém c¢6 N phong va M hanh lang ndi cdc phong, giita hai phong bat ki
¢6 khong qui mot hanh lang ndi ching.

Mot ngudi mudn khdm phd mé cung, anh ta s& xuat phét tr mot phong va Bi doc
theo tit ca cdc hanh lang sao cho mdi hanh lang Puoc Di qua Ping mot 1an, roi lai tré vé
vi tri xudt phat. Mdi hanh lang c6 mét gid tri ¢ cho biét khi Di qua né thi ning lwong nha
thdm hiém s& cong thém vdi ¢ (c c¢6 thé 4m hay duong). Nha thdm hiém bat Dau xuét phat
voi nang luong bang 0, anh ta s& chét néu sau khi Di hét mot hanh lang nao D6 ma mic
nang lugng nhé hon 0.

Yéu chu: Hiy gitp nha tham hiém im ra mot hanh trinh an toan théa man céc yéu cau Da
Duara.

Di liéu: PCYCLE.INP

Y Dong 1122 sbnguyén N, M. (1 <N <200) ’
Y M dong tiép theo, dong thir i gom 3 s0 nguyén u, v, ¢ cho biét ¢6 1 hanh lang noi
phong u véi phong v va gid tri nang lugng 1a c. (Il < 10000 ) .
Két qua: PCYCLE.OUT

Y Néu c6 khong ¢6 hanh trinh nao an toan thi ghi ra -1. Ngugc lai ghi ra M+1 sO
nguyén la chi s6 phong trén Buong Bi. Tur phong xuat phat, qua cac phong, hanh
lang r6i quay tré vé phong xuat phat.
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Vi du:
PCYCLE.INP | PCYCLE.OUT
33 2132
122
13-1
23-1

Goi y: Tim mot chu trinh Euler batki (E): u,w...up,u;

1

Goi Fli] = ;C[uk—l’uk] (F[11=0)
Tim Dinh s ¢6 F[s] nho nhét.

toan.

Néu F[s] < 0 thi khong ton tai hanh trinh an toan
Néu F[s] > 0 thi 1ay s 1a Dinh xuat phat, Di theo chu trinh (E) 12 mdt hanh trinh an

(ban Doc ty chirng minh tinh Pung Dén cua thuat toén)
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VAN PE: CHU TRINH AM VA UNG DUNG

Bai todn: Phat hién chu trinh 4m

Cho Do thi v6 hudng G, céc cung ¢6 trong s6 (c6 thé 4m hodc duong). Kiém tra xem
D6 thi ¢6 ton tai chu trinh 4m (tdng trong s6 cdc cung trong chu trinh bé hon 0) hay
khong?

Huong gidi quyét: Str dung thuat tosn FORD BELLMAN.

Vi 2 Binh khong c6 cung ndi tryc tiép, gia sut cho n6 mot cung ao ndi 2 Pinh D6 voi
trong sb 1a mot s rat 16n ( bang maxlongint chang han).

Xuét phdt tir 1 Pinh s bat ki, dung thuét toin FORD BELLMAN Pé tim Puong Bi
ngan nhét tus Dén cdc Pinh con lai.
Nhic lai vé thudt toan FORD BELLMAN c6 cu tric nhu sau:

for v:=1 to n do d[v] := +00; {d[v] la nhan trong sé Pudng Pi ngdn nhit
tu s tdi v}
d[s] := 0;
repeat

stop:=true;

for u:=1 to n do

for v:=1 to n do
if alu,v] then {néu cé cung (u,v)}

if d[v] > d[u]l + c[u,v] then {Piéu kién P& tbi uwu nhan}
begin
d{v]:=d[u] + clu,v];
stop:=false;
end;

I Ay S NI A S SRt A PO E I S ST ST P
 Chi y ring thuat todn FORD BELLMAN chi can t6i Pa n-1 (n 1a s6 Dinh cua DS thi)
lan 1ap Bé cho buong i ngéan nhat tr Dinh s Bén Dinh t bat ki trong truong hgp D6 thi
khong ¢6 chu trinh &m (vi moi Duong Di ngan nhat Béu ¢6 s6 canh t6i Da la n-1). Hay noi
cach khac vong 1ap repeat -until thyc hién t6i Pa n lan.

Nhung vé6i trudng hop D thi ¢6 chu trinh 4m thi thuét toan FORD BELLMAN ¢ trén
s€ bi 1ap vo han. Vata cé thé sir dung Diéu nay Dé kiém tra xem Db thi c6 chu trinh 4m hay
khong néu vong 1ap thyc hién 1an thirn + 1.

Ciling c6 thé nhan ra chu trinh am néu tai mot buoc t8i wu nhan d[v] nao D9, ta cé
d[v] bé hon tong trong sd cc cung Am trong DS thi.
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.féflvéél.fé h.do-dtvj.:= maxlongint;
d[s] := 0;

count :=0;

repeat

stop:=true;
inc (count); {tidng s lan l&p)
if count = n + 1 then
begin
{théng bao cé chu trinh am}
Break;
end;
for u:=1 to n do
for v:=1 to n do
if alu,v] then

if d[v] > d[u] + c[u,v] then
begin
d{v]:=d[u] + clu,v];
if d[v] < sum then {sum la gid tri téng trong sb céc cung am}
begin
{théng bdo cé chu trinh am}
Break;
end;

stop:=false;
end;

Tuy nhién cdch nay khd mat thoi gian, mot cach khic hiéu qua hon va c6 thé xuit ra
Puoc chu trinh 4m néu co.

Ciing dya trén thuat toan FORD BELLMAN, tai mdi budc st dung Pinh u Dé t6i wu
nhan Dinh v (d[v] := d[u] + c[u,v]) ta thu truy vét nguoc Puong ngén nhét hién tai tir u vé s
xem c6 Di qua Dinh v hay khéng Néu c6 thi ton tai chu trinh 4m xuét phat & v.
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Thuat toan FORD BELLMAN DPuogc viét lai nhu sau:

Procedure check (u,v:integer) :boolean;
{ct kiém tra Pudng Pi ngdn nhdt hién tai tw u v& s cé Pi qua v hay ko}
begin
While (u<>v) and (u<>s) do
U:=tracelul;
If u=v then check:=true else check:=false;
End;

Procedure Print (u,v:integer);
{xudt chu trinh am xudt phidt & v va két thic & u}
Begin
Write(v,’ <-= ‘,u);
While u<>v do
Begin
Write (' <= ‘,trace(ul);
u:=tracelul;
End;
End;

Procedure FordBellman;
Va u,v:integer

begin

for v:=1 to n do d[v] := maxlongint;
d[s] := 0;

repeat

stop:=true;
for u:=1 to n do
for v:=1 to n do
if alu,v] then

if d[v] > d[u] + c[u,v] then
begin

d{v]:=d[u] + clu,v];
if check (u,v) then

begin

Print;
Break;
end;

trace[v]:=u; {mang dung P& truy vét DPudng Pi ngdn nhit}
stop:=false;
end;
until stop;
2

Chu trinh 4m Pugc tng dung Dé giai quyét cc bai todn thyc té sau:

Bdi todn: Buén tién (MONEY)

Mot ngudi 1am viée & mot ngan hang ngoai té theo doi ti gid hdi Podi phat hién ra
1a: Néu khéon khéo, thi tir mot lwong ngoai t&€ ban DPau, nho chuyén boi sang cac loai ngoai
té khéc, anh ta c6 thé thu Puoc loi nhuan Pang ké.
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Vi du: Néu anh ta ¢6 1 USD va ti gid hbi Podi giita cdc ngoai té nhu sau:

1 USD = 0.7 bang Anh
1 bang Anh = 9.5 Franc Phap
1 Franc Phap = 0.16 USD

Khi D6 véi 1 USD anh ta c6 thé mua Puogc 0.7 * 9.5 * 0.16 = 1.064 USD nhé viée
chuyén D3i tién qua bang Anh, rdi tir bang Anh sang Franc Phdp, va cudi cling lai quay vé
USD. Nho D6 mdi USD P Pem lai cho anh ta 1gi nhuan 13 0.064USD.

Gia st trong nha bang quan 1y n loai ngoai t& Panh sb 1, 2, ..., n. Biét bang ti gid hdi
Podi R[i, j] (1 <1, j <n). (Tac 1a 1 Pon vi ngoai héi i mua Puoc R[i, j] Pon vi ngoai héi j).
Can xdc Pinh xem c6 cdch i tién Pem lai 1oi nhuan hay khong ?

Dir liéu: MONEY.INP

¥ Dong Pau tién chira s n (n < 100 ,
Y Dong thir i trong s6 n dong ti€p theo chira n s6 thuc duong R[i, 1], R[i, 2], ..., R[i,
nj.

Két qua: MONEY.OUT

¥ Dong Pau tién ghi YES hodc NO tuwong tmg véi viée ¢6 hodc khong c¢é cich Doi
tién sinh loi nhun
hof Neu dong Pau tién 12 YES thi dong thtr hai ghi hai s6 u vas. Trong D6 u 1a loai
tién xudt phat, con s la loi nhuén thu Bugc nho cach Poi 1 Pon vi tlen u. Dong thir
ba ghi trinh ty can tién hanh Déi tién Dé thu lai PBuogc loi nhuan bt Dau tur loai tién
xudt pht
Cic s6 trén mot dong ctia Input/Output File Puoc ghi cdch nhau it nhit mot ddu cich Loi
nhuan (néu cé) trong Output File c6 thé chi can 1am tron gitr lai 6 chir s6 sau ddu chdm
thap phan.

Vi du:
MONEY.INP MONEY.OUT
5 YES
1.00 1.10 0.83 0.81 0.85 1 0.007160
0.83 1.00 0.86 1.09 0.81 124

0.89 0.84 1.00 0.83 1.02
0.84 0.83 1.01 1.00 0.84
1.09 0.84 0.87 0.90 1.00

Goi y: Xét P thi c6 hudng n Dinh, mdi Dinh Dai dién cho 1 loai tién t& va céc cung ndi
gitta cdc Pinh véi trong s6 1a ti gid giita 2 loai tién t& nay. Can tim mot chu trinh c6 tich
trong s trén céc cung 1on hon 1.

Gdn lai trong sd céc cung c[ijl :=-1In(ci ,]])

Tim chu trinh &m trén D6 thi véi trong s6 méi. Néu c¢6 chu trinh 4m thi chu trinh nay Dai
dién cho cich D6i tién mang lai loi nhuan.

That vay, gia su chu trinh qua cic cung trong ) €1,€2, ..., Cn.
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Tacbe+er+...+en<0
Y -In(cy) - In(cy) - ... - In(cy) <0
Y In(cy) +In(cy) + ... +In(cy) >0
Y In(ci.co.....cm) >0

Hay céc cung c¢,cs,...,cy tao thanh mot chu trinh twong tng véi cach Dbi tién mang lai
lo1 nhuéan.

Bai todn: Van chuyén hang (TRAN S)

Cong ty MCA 1a mot cong ty van tai n6i tiéng tai Dat nudc Peace, véi mang ludi
hoat Dong trong khép ca nude. Sap Pén ky niém 30 nam thanh 1ap, gidm DPdc cong ty
quyet Dinh mo mét Dot khuyen ma1 16n cho tat ca cdc khach hang. Cu thé 1a cong ty s& m&
mot sO tuyen Buong van chuyén mién phi cho khach hang.

M&i tuyén Dudng nhu vay s& xuat phét tir mot thanh phd, qua mot s6 thanh phd
(khéng Di qua thanh phé nao 2 lan) r6i quay vé noi xuit phat. Néu tinh chi phi van
chuyén trung binh trén tung tuyén DBuong thi chi phi chi ra cho Dot khuyén mai nay s¢
khong nhé nén giam Doc cling muon cac tuyén Buong nay thoa Diéu kién tong Do dai
Pudng Di chia cho tong s6 con Pudng trong tuyén Pudng D6 (goi 1a chi phi cia tuyét
DPuong) 1a nho nhit.

Cho mot mang ludi van chuyén hang cua cong ty MCA hay tim ra tuyén Buong
thich hop nhat (thoa ca 2 Diéu kién trén) cho Pot khuyén mai. Xuét ra chi phi cia tuyén
Duong tim Duoc.

Dir lieu: TRANS.INP
Y Dong Pau tién ghi hai sé nguyén N va M 12 s thanh phd va sé con Puong trong
mang ludi.
Y M dong ti¢p theo, moi dong ghi ba s6 nguyén a b ¢ voi y nghia c6 Duong Di mot
chiéu tir a Pén b voi P06 dai la c.
Dir liéu: TRANS.OUT
Y Dong thir nhét ghi mot sd thap phan vai it nhét 2 chit sé sau dau phay 1a chi phi
nho nhét. Néu khong ton tai tuyén Puong nao thoa man ghira-1.

Y Dong thir hai ghi s6 P la s6 luong thanh phd trén tuyen Buong Bugc chon.
¥ Dong thir ba ghi P + 1 s6 1an luot 1a cdc thanh phd trén tuyén Puong Puogc chon.

Gioi han:
g 1<N<100
g 1<M <9000
¥ 1<c<2?
Vi du:
TRANS.INP | TRANS.OUT
33 1.00
121 3
231 1231
311
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Goi y: Xét D thi ¢6 huéng G véi N Dinh va M cung ndi. Goi r 1a chi phi nho nhat cua
tuyén Puong can tim. Xét Do thi G(r) c6 trong s6 cac cung Puogc xay dung ¢ :=d -r(d 1a Do
dai cédc tuyén Pudng ban Dau). Gia sir c6 chu trinh 4m trén D6 thi G(r) - gia st chu trinh
am bo gém caccungcl,c2, ..., cm thi
ci+cr+...+cn<0
Y di+d+ ... +dp - mr <0
Y r>d+d+ ... +dp)/m =1y
Suy ra r chua phai 12 chi phi nho nhit cin tim vi ¢6 tuyén Pudng qua cic cung
d;,dy, ...,dy c6 chi phi r, nhé hon.
Vay néu r 1a chi phi nhé nhat thi DS thi G(r) khong c6 chu trinh 4m, Hay néi cach khéc néu
D6 thi G(r) ¢6 chu trinh 4m thi chu trinh 4&m D6 cho ta mot chi phi twong ng ro nhod hon r.
Tir D6 ¢6 thé suy ra néu r 1a chi phi nho nhat thi:
+ voi moi 1’ > r thi G(r’) ¢6 chu trinh am
+ v61 moi 1’ < r thi G(r") khong c6 chu trinh am
Tu nhén xét trén c6 thé tim ra Puoc chi phi nho nhit bang cich chit nhi phan gid tri r, sau D6
kiém tra D thi G(r) c6 chu trinh 4m hay khéng.

x := 0;
y = +00;
while v — x > 0.01 do {P& chinh x&c téi 2 chit s phdn thap phan}
begin
r:=(x + vy)/2;
if check(r) then {N&u P& thi G(r) cé chu trinh am}
begin
{luu chu trinh am P& xuidt tuyén DPudng tbi uu hon}
yi=r;
end
else x:=r;
end;

writeln(r) {chi phi nhé nhét}

Luyén tap:

Bai todn: Loi nhuén t6i Pa (PROFIT)

Thuyén truéng Sinbad c¢6 du Pinh Pua Poan tau cling thuy thit Poan Di trao P6i hang
hod vong quanh cdc hon Pao.Sinbad quyét Pinh s& xuét phat tai mot hon Pao bét ky,sau
D6 Pi qua mot sé hon Pao va quay trd vé hon Pad xuit phéat (mot hon Pao c¢6 thé Puoc
tham nhiéu lﬁn).Lé mot thuyén truong tai ba va Dﬁy kinh nghiém,Sinbad mudn chon mot 10
trinh sao cho loi nhuan thu Duogc 1a t6i Pa.Loi nhuan thu Puoc Déi véi mot hanh trinh
Bugc tinh dya trén thuong sd gitra tong lugng hang hod ban Pugc doc theo hanh trinh va
tong Do dai hanh trinh.Cho biét ban D6 cta ving bién gdm N hon Pao Puoc Pénh sb tir 1
Pén N va M tuyen hai trinh gitta chiing cung lugng hang hod dy kién s& ban DPuoc C[LJ]
néu Di tir Pao I Bén Pao J (C[LJ]=C[J.I]) (Cic tuyén hai trinh xem nhu hai chiéu ).Ban hay
gitip Sinbad 14p 10 trinh ti uu cho thuy thit Poan.
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Dir li¢u: PROFIT.INP

¥ Dong Pau tién gdom 2 s6 N,M (1<=N<=100) lan lugt 12 s6 Dao va s6 hai trinh giira
ching. ) N ‘ )

Y M dong tiep theo,mf),i ang gom 4 s0 nguyén A,B,C,.D (1<:A,B<:N :
1<=C,D<=255), cho biét ton tai hai trinh gitra hai hon Pdo A,B trong B6 C 1a s
hang hod du kién s€ ban Pugc va D 1a B§ dai cua hai trinh.

Két qua: PROFIT.OUT

¥ GOm mét sb thyc P duy nhét 12 loi nhuén téi’Da g v4i phuong an t6i ru ma ban

tim Pugc.(Y€u cau lay chinh xdc 3 chir s6 sau dau phay).

Vidu:

PROFIT.INP | PROFIT.OUT
56 2.520

1 4 172 100
4 5 184 100
5 1 252 100
1 2 12 100
2 3 10 100
316100
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VAN PE: TO MAU PO THI

Bai todn: To6 mau cac Pinh.
Cho D0 thi vo hudng G. Tim céch t6 mau cac Dinh ctua Db thi (mdi Pinh mét mau)
sao cho théa man 2 Piéu kién sau:

Hai Pinh c6 canh ndi truc tiép Puoc t6 bdi 2 mau khac nhau.

SO mau can dung 1a it nhat.

(S6 mau can dung it nhét Puoc goi la sdc s6 caa Do thi.)
o0 @/) o—O— ()
-_‘"k_‘__

O]

""'“\‘_‘__@

e S
D6 thi ban Pau D6 thi Puoc 16 béi 3 mau

Hudng gidi quyét:

Véi dir liéu bai todn nho, duyét nhanh cén 12 phuong phdp cho két qua tdi wu. Tuy

nhién cach trén s€ khong chay Pugc voi dir licu 1on. Ching ta c6 mot cach lam khac kha

hiéu qua, cho két qua tdi wu véi phan 16n céc test - Stir dung phuong phdp tham nhu sau:
Trudc hét Dinh nghia bac ciia mot Dinh 14 s6 Dinh ké vai né va chua Pugc t6 mau.

'Khol tao gdn sb mau cdn dung bang 0.

Moi Pinh Pé&u chua bugc tb.

Ldp
Ta&ng s& mau 1én 1 color := color + 1
Bl: Tim Pinh u cé bac 16n nhéit.
B2: T6 mau cho Pinh u nay mau color.
B3: Lap
Tim Pinh v cé bac 16n nhidt cé thé td mau color.
T6 mau cho Pinh v mau color.
td mau color.

Cho Pén khi khéng con Pinh v nao cé thé

Cho Pén khi t& mau hét.
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MO ta thuat toan:
Function deg(u:integer):integer;
{Bédc cua binh u}

Begin
D:=0;
For v:=1 to n do
If afu,v] and C[v]=0 then inc(d);
deg:=d;
End;

Function canput (u,k:integer) :boolean;
{cé thé tb6 Pinh u bdng mau k hay khéng}
Begin
canput:=false;
For v:=1 to n do
If alu,v] and c[v]=k then exit;
canput :=true;
End;

Procedure put (u,k:integer);
{T6 Pinh u bdng mau k)
Begin

Clu] :=k;
End;

Procedure process;
Begin
color:=0;
Fillchar (c,sizeof (c),0);
Repeat
U:=0; maxdeg:=-1;
For v:=1 to n do
If C[v]=0 and deg(v)>maxdeg then
Begin u:=v; maxdeg:=deg(v); end;
If u<>0 then
begin
Inc(color);
Put (u, color);
Repeat
V:=0; maxdeg:=-1;
For t:=1 to n do
If (c[t]=0) and canput (t,color) and (deg(t)>maxdeg) then
Begin v:=t; maxdef:=deg(t); end;
If v <> 0 then put(v,color);
Until v = 0;
End;
Until u = 0;
Writeln (color); {sb mau tbi thiéu can dung}
For 1:=1 to n do writeln(I,’ : Y,c[i])
L S S S S S
Trén Day chang ta Da xét phuong phap t6 mau voi Bo thi vO6 hudng tong quat.
Ngoai ra con mot s6 dang D6 thi Dac biét ma khi t6 mau ching ta phat hién ra Pugc nhitng
tinh chat kha thu vi:
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D6 thi Pay Du n Dinh (1a D6 thi ma giita 2 Dinh bit
ki ludn c6 canh noi) cé sac s6 bang n.

Do thi vong véi s6 Dinh chan cé sac so 1a 2.

Do thi vong véi s6 Dinh 1€ ¢6 sdc so 1a 3.

Db thi phang : 12 D) thi ¢6 thé biéu thi cdc Dinh va
cac canh trén mot mat ph'fmg sao cho cac canh va
céc Dinh khéng c6 Piém giao nhau ndo khic ngoai
cic Pau mut. Loai PO thi nay c6 sic s6 khong 16n
hon 4. Do D6 ¢6 thé ding khong qud 4 mau Dé t6
mau mot ban PO bét ki sao cho 2 ving Dat khic
nhau ¢6 mau khéc nhau.

D6 thi 2 phia bat ki ¢6 sac s6 14 2. C6 thé nhan ra
cach t6 mau Pon gian nhét 12 t6 tap Pinh bén X bing
mau 1 va t6 tp Pinh bén Y bang mau 2. Ngoai ra
néu mot PO thi vo hudng bat ki c6 sic s 1a 2 thi D6
thi nay c6 thé phan thanh Db thij 2 phia.

Bai todn:

T6 mau cac canh.
Cho D6 thi vo hudéng G. T6 mau cac canh cia Do thi bdi 2 mau sao cho:
- Pbi voi mdi Pinh, néu xét céc canh c6 ndi voi Pinh D6 thi chénh 1éch gitra )
canh Puoc t6 mau niy va sé canh Puoc mau kia khong qud 1.
- Dbi voi toan bd DO thi, néu xét tat ca cdc canh thi chénh 1éch gitra s6 canh
Dugc t6 mau nay voi $6 canh Pugc t6 mau kia khong qué 1.
Tim céch td mau tt ca cic canh thoa man 2 Diéu kién trén.
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Hugng gidi quyét:

Goi deg(u) 1a bac cua Pinh u : béng $6 canh ndi véi Dinh u va chua DPuoc t6 mau.

Goi s bang tong béc cua tit ca cdc Dinh, d& thiy s 1a mot s6 chin. Do D6 sé Pinh bac 1é
(néu c6) trong D6 thi ludn 1a mot sd chin.

Goi start(u) 1a mot Buong bi Xuét phét tr Dinh u, lan luot qua céc canh chua Puoc t6
mau (mdi canh chi qua 1 14n) va két thic tai Pinh v néu tir v khong thé Bi Puoc tiép (tirc 1a cac
canh ndi véi v hoic Pa bi qua hodc Pa Pugc té6 mau).

Goi colorl(u) 1a mot phép t6 mau theo nguyén tdc: Dinh u 12 Pinh ¢6 bac 1¢, dua
vao Duong Di start(u) tim Dugc, lan lugt t& mau céc canh trén Duong Di bﬁng 2 mau xen
k& nhau.

Goi color2(u) 12 mot phép t6 mau theo nguyén tic: Pinh u 1a Pinh c¢6 bac chin, dya
vao Duong Di start(u) tim Dugc, lan lugt td mau céc canh trén DPuong Di bﬁng 2 mau xen

k€ nhau. m

_""‘\_*{4:}

©—

—_—
(Mét phép t6 mau colorl(6) ung voi Puong Di 6—5—1—8—5—2—8—7—4)

Ta chimg minh mét s6 nhan xét quan trong sau Day.
1/ Néu Pinh u ¢6 bac 1€ thi start(u) két thiic tai mot Pinh v c6 bac 1é khac.
Gia sir k 12 s6 1an Bi qua Dinh v trén Puong Di start(u). Dinh nghia mét 1an Di qua
Dinh v ¢6 nghia 12 tir mot Dinh v’ Bi Dén Dinh v rdi tir Pinh v Di Bén Pinh v’*. Vi v 1a Dinh
két thic nén deg(v) bang s6 canh ¢6 ndi v6i Dinh v trén DPuong i start(u).
- gidstrutrung véi v thi s6 canh ¢6 ndi véi Pinh v 1a 2k cong thém mot canh
Xudt phét tir u va mot canh két thiic tai v. Suy ra deg(v) = 2k+2 1a mot s chin
hay deg(u) la mot s chan - vo ly. Vay u khéc voi v.
- viukhdc v nén s canh c6 nbi véi Binh v 1a 2k cong thém mot canh két thic
tai v. Suy ra deg(v) = 2k+1 la mot s 1. Vay Dinh két thiic v 12 mot Pinh béac
1¢ khéc u.
2/ Néu moi Pinh ctia D6 thi c6 bac chin thi xuét phét tir mot Dinh u bat ki, start(u)
két thic tai chinh Dinh u.
Ciing chimg minh twong tu nhu trén, gia st v 1a Dinh két thic khéc u.
Goi k 12 s6 1an Pi qua Pinh v thi deg(v) = 2k + 1 12 mét sb 1¢, hay v 1a mot Pinh bac 1é - vo 1y
(vi moi Dinh ctia D6 thj Déu c6 bac chn).
Dua vao 2 nhan xét trén ta ¢6 thuat toan td mau nhu sau:

B1l/Ldp
Tim Pinh u cé bac 1é& trén HS thi.
Thuc hién phép colorl (u).
Bd cac canh DPa Puoc td ra khoi PO thi
Cho Pén khi nao td hét tét ca céc canh.
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B2/Ldp
Tim Pinh u cé bdc chdn (khdc 0) trén Do thi.
Thuc hién phép color2 (u).
B6 cac canh DPa Puoc td ra khoéi DS thi

Cho Pén khi nao td hét tét ca cac canh.

Tinh Ding Pan cta thuat todn:

Ta thiy phép td color2(u) véi u 1a Pinh bac chin khong lam thay D6i chénh 1éch 2
mau tai mdi Pinh ¢6 canh Puoc to.

Con Dbi véi phép td colorl(u) c6 u 1a Dinh béc 1é, ta nhan thiy néu v 12 Pinh két
thic thi phép td lam cho chénh Iéch gitra 2 mau tai 2 Pinh u va v tang 1én 1. Tuy nhién sau
khi bé cdc canh D3 9, u va v trd thanh 2 Dinh bac chdn. Cho nén mdi Dinh u chi goi boi
phép td colorl(u) khdng qué 1 1an va mdi Pinh v ciing chi 12 Dinh két thiic trong cdc phép
colorl(u) khong qud 1 1an. Do D6 chénh léch giita 2 mau tai mdi Dinh khong qui 1 -
Diéu kién 1 cua bai todn Pugc thoa man

Mait khac khi t6 mau cdc canh ta luén dung 2 mau xen k€ nhau nén sau khi to
xong Diéu kién 2 ctia bai todn Pugc thoa man.

Bai todn: T6 mau cac canh trén Do thi hai phia
Cho Db thi 2 phia G, tim céch to mdi canh mdt mau sao cho:
- Céc canh chung Pau mit Puoc to bdi cdc mau khéc nhau.
- S6 mau can sir dung 12 it nhét.

Huéng gidgi quyét: Goi maxDeg 12 gid tri bac 1on nhét trong céc Dinh. D& thdy sé mau can
dung khong nho hon maxDeg. Ta s€ chi ra mot céch t6 dung maxDeg mau, va Day chinh la
cdch t6 ¢6 s6 mau {t nhét:

Thuc hién maxDeg luot t6, luot thir i ding mau i Dé t6. Do D6 thi Pa cho 1a Db thi 2
phia cho nén ludn tim Puoc mot bd ghép ma cdc Pinh ¢ bac bang 16n nhit Déu Puoc
ghép. T6 céc canh thude bo ghép nay bang mau i. Sau D6 bo cac canh nay ra khoi D thi, bac
cua cac Dinh DPugc ghép thay P6i. Thuc hién maxDeg luot nhu vy ta to mau Puoc D6 thi
théa man yéu cu bai todn.

Luyén tap:

Bai todn: Xép lich thi (LICHTHI)

Mot sb truong Pai hoc t6 chirc hoc theo tin chi. Néu sinh vién tich liy Bu sd chung
chi cho mot s6 mon quy Pinh cua mdt nganh la cé quyen nhan bang tt nghiép ctia nganh
D6. Bdi vdi céc Pai hoc nhu thé, viée hoc va thi khong td chira theo 16p ma theo cdc mon
hoc. Hang nam nha truong thong bdo cdc mon s& hoc Dé sinh vién ty Pang ky hoc cédc
mon hoc theo nganh minh chon. Cudi ndm nha trudng t6 chie thi cho cidc mon Pa giang
trong nam. MGi mon thi trong mdt ngay nhung trong mét ngay c6 thé td chirc thi nhiéu
mdn. Do mot sinh vién c6 thé Dang ky thi nhiéu mdn nén lich thi can phai bd tri Bé néu c6
mot sinh vién Pang ky thi hai mon nao D6 thi cic mon P6 khong Pugc thi cing ngay.
Yéu cau: Hay xép lich thi sao cho tong s ngay thi cang it cang tot.
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Dir liéu: LICHTHLINP

Y M, N :lan luot 12 s6 thi sinh va sé mon hoc (M < 1000, N < 100);

Y M dong tiép theo ghi thong tin vé Pang ky thi ctia mdi sinh vién, mdi dong gdbm N
s6 0 hodc 6 1 cach nhau mot déu céch, s6 thir j trong dong thir i 1a 1 néu sinh
vién thir i Dang ky hoc va thi mén thir j va bang 0 néu sinh vién tht i khong Dang
ky thi mon tht j.

Két qua: LICHTHLOUT

¥ GOm N dong mdi dong cé mét sb ty nhién. S6 & dong thir i 1a ngay thi twong Gmg
D61 v6i mon thir i

Vidu:

LICHTHLINP LICHTHLOUT
108

10111000
01101100
10001011
01101010
10001101
00111000
00011001
01101100
10001011
01001101

B W o B W B e e

Goi y: Xay dyng Do thi N Pinh Pai dién cho N mén hoc, 2 Dinh ¢6 canh ndi v6i nhau nél}
ton tai mot hoc sinh D@ng ki thi cd 2 mon hoc twong ung voi 2 Dinh B6. T6 mau cho D6
thi ta Pugc phuong an xép lich thi.

Bai todn: Tap 6n Pinh trong cue Dai.
Cho D6 thj vo huong G. Dinh nghia mot tap on Dinh trong la tap cac Dinh thoa man:
- Giita 2 Dinh bat ki khong c6 canh ndi truc t1ep
- Néu thém vao tdp mot Dinh khéc thi tinh chat trén khong con Ping.
Yéu ciu tim tap 6n Pinh trong cuc Pai - tap 6n Pinh trong c6 nhiéu nhiéu Pinh
nhat.
Dir liéu:
¥ Dong Pau ghi gia tri n,m 1a s6 Dinh va s6 canh ctia Do thi.
Y m dong tiép theo mdi dong ghi 2 sb u, v cho biét c¢6 canh nbi truc tiép giita 2 Pinh
uvav.
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Két qua:
Y Dong Dau ghi s6 Dinh trong tap on Dinh trong cyc Dai.
Y Dong tiep theo ghi chi so cac Dinh trong tép.

0i y: Duyét nhanh cén 1a cach Don gian bé giai quyét tuy nhién véi dir lidu 16n thi bai
toan néu trén chua c6 10i giai tdi wu. Ta chi ¢6 thé tim mot thuat todn tham cho két qua tot
nhét c6 thé.

Néu ta t6 mau cic Dinh cua Do thi thi cic Dinh Pugc t6 cling mot mau s& cho mot
tap on Pinh trong. Dya vao Diéu nay ta tim tap Dinh cung mau ¢ nhleu Dinh nhat. Tuy
nhién, trong mot sO truong hop, tap cac Dinh nay chua hén Pi 1a tap 6n Dinh trong cyc Dai
ctia P thi. Nhung it nhat né Da cho ta mot can tot trwde khi sir dung phuong phdp duyét.

Bai todn: Trong cAy(GTREE)

Mot khu vuon hinh chir nhat Duoc chia thanh MxN 6 Pat (M hang va N cot). Nguoi ta
mudn trong 2 loai cay cam va chanh tai mot s6 6 {trong khu vuon. Tim cdch trong loai cay
nao vao moi 6 Puoc trdng sao cho Pam bao Diéu kién thim mi: chénh léch giira sb cy
cam va s6 cdy chanh khong qud 1 khi:

- Khi nhin theo bét ctr hang no.
- Khi nhin theo bt ctt cOt nao.
- Khi nhin toan bo khu vuon.
Dir liéu: GTREE.INP

hof Dong Dau 2 gid tri M,N cdch nhau mot ddu cdch.

Y Tiép theo 1a ma tran 0,1 c6 kich thudc MxN biéu thi céc vi tri can trong cay
(nhimg vi trf nay nhan gi4 tri 1) va nhing vi tri khong Puoc trong ciy (nhan gid tri
0).

Két qua: GTREE.OUT

Y Mot cach trong ciy théa mén biéu thi qua Ma trdn 0,1,2 c6 kich thuéc MxN trong
Do gid tri 0 biéu thi vi tri khong Puoc trong cy, gid tri 1 biéu thi vi tri trong cay
cam, gid tri 2 biéu thi vi tri trong cay chanh.

Vi du:

GTREE.INP GTREE.OUT
511 01020010002
01010010001 10200001000
10100001000 02010200001
01010100001 00000002010
00000001010 20000100000
00001000000

Goi y: Xét Db thi 2 phia (X,Y), bén X ¢6 M Dinh Dai dién cho M hang, bén Y ¢6 N Dinh
Pai dién cho N cot. 0(x,y) Bugc trong cay thi c6 canh qéi (x,y) trén Do thi 2 phia. Thuc
hi¢n t6 mau cac canh bang 2 mau ta Pugc mdt phuong an trong cay thda man.
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Bai todn: Trang tri dan Pen (DEC)

Nhan dip Gidng sinh va nim mdi, mot cira hang 1ap Dt mot dan Peén c¢6 dang bang
hinh chit nhat m x n. Trén dan Dén ¢6 mét sd vi tri can lip Dat béng Peén. Cira hang mudn
trang tri dan Pén bang cic béng Den mau. Dé that Dep mit, cira hang mudn cic béng Dén
nam trén ciing hang hodc cung cot Péu khic mau nhau! Nhung Dé Pam bao sy hai hoa,
dan Bén khong nén ¢6 qud nhiéu mau.

~Ban hay gitp cua hang trang tri dan Pen, sao cho s loai béng Bén mau can sir dung la
it nhat!

Dir liéu: DEC.INP
¥ Dong Pau tién chira 2~s6 nguyénm, n (I <m,n<100)
hof m dong ti€p theo, moi dong chira n ki ty '0" hodc 1" thé hién dan Pen, ki tu 'l" cho
biét vi tri can lap Bat bong Den.
Két qua: DEC.OUT

¥ Dong Pau tién: chua 5O nguyén p 12 s6 loai bong ben mau it nhét can sur dung.

¥ Dong thir i trong s6 m dong tiép theo chira n s6 nguyen, s thir j 1a chi so mau cua
boéng Beén 6 vi tri twong mg, hodc 1a 0 néu & vi tri twong tng khong can lap it
béng Pen. Cac mau Puoc Péanh s tir 1 Dén p.

Vidu:
DEC.INP DEC.OUT
510 6
1100111010 3200456010
0011000101 0023000401
0001011000 0002031000
0110001010 0310004020
1111010100 2435060100
Bai todn: Son cira (RPAINT)

Phu 6ng vira moi xay dung xong toa bi¢t thy cia minh. Viéc trudc ti€én phd ong
muén 1am 12 Di son cdc cénh ctra trong ngdi nha cua minh. Toa biét thy Pugc mo ta 1a
mot kiéu kién tric ky quéi khong tudn theo bt ky quy ludt tw nhién nao. NG bao gobm N
phong va 1 hé théng hanh lang néi cic phong v6i nhau. Mdi mét can phong thay vi chi c6
1 cira thi lai c6 toi A; cdnh ctra. Mdi cénh cira dan ra mot hanh lang ndi téi mot phong
khéc. Hién thoi thi truong Pang khuyén loai son mua 1 tang 1. Cuy thé 12 néu ban mua 1
hdp son mau trrflng ban s€ Pugc tang 1 hop son mau Pen va nguoc lai néu ban mua 1 hop
son mau Pen, ban s& Puoc ting 1 hop son mau tring. Phd dng vira xdy xong biét thu nén
ciing khd 12 ting tién. M2 co ban tinh khi ciing khd 12 keo kiét, 6ng ta quyét Dinh son céc
canh ctra theo cach sau bay:

Néu cdnh ctra X ctia phong Y dn ra hanh lang thong véi cdnh cira U ctiia phong V thi 2
canh ctra nay phai son 2 mau khic nhau.

Ngoai ra bén canh D6 13 yéu cau vé thaim my, trong mdi phong thi s6 lugng canh cira
son mau trang va s6 lugng canh ctra son mau Pen khong Puoc chénh 1éch qu4 1.

79



MGt s6 van Dé Pdng chii ¥ trong mon tin hoc

Bén canh D6 dng ta mudn tdng chénh 1éch giira s6 lugng canh cira son mau tring va sb
luong cénh ctra son mau Pen 1a nho nhat ¢6 thé Pugc vi nhu vay D§ ton tién mua son. Ban hay
gitp phu 0ng giai quyét bai todn kinh té nay .

Dir liéu: RPAINT.INP

¥ Dong thir nhét ghi sé N 1a sé phong trong toa biét thu:

hof Dong thir i trong N dong tiép theo ghi thong tin vé cdc cdnh cira ciia phong thir i.
Pau tién 12 s6 cira A;. Tiép theo 1a A; s6 nguyén cho biét phong i ¢6 cdc canh cira
dan Bén phong no.

Két qua: RPAINT.OUT
Y Dong thir nhit, néu c¢6 phuong 4n thoa man ghi ra “YES”, néu khong c6 ghi ra
“NO SOLUTION”.
Y Néu dong thtr nhat ghi “YES” thi tiép theo la N dong. Dong i m6 ta vé cach son
cura cia phong thiri gom A; ki tw “W’ / ’B’ twong ting voi vi¢éc canh cura Pugc son
trang hodc Pen. Thir ty ghi trong output twong tmg voi thir ty ghi trong input. Moi
ki tu ‘W’ / ‘B’ trong output Dugc ghi cich nhau Ping mot dau cach.
Gioi han:

g 1 =N=10000
Y Tong so hanh lang < 100000

Vidu:

RPAINT.INP RPAINT.OUT

5 YES

3234 BWB

3135 WBW

41245 BWWB

3135 W BB

3234 B W W

(Vi céch son nhu thé nay thi chénh 1éch gitra 2 mau bang 0)

Bai todn. Thi trwéng (MAYORS)

Mot Dat nudc c6 N thanh phé vi tri cua mdi thanh phé Duoc thé hién boi mot Diém
trén mat phang toa Do. Tong thng vira Péc cir mubn bd nhiém mdi thanh phé mot thi
truong. Tong thong mudn bd nhiém ca cic thi trudng nam va nit. Voi mdi Buong thang
ngang hoac doc (song song vdi truc toa D9), goi DG binh Dang gioi la tri tuyét Pbi cua hiéu
gitta s thi truong nam va thi trudng nir ctia cdc thanh phd nam trén Dudng thang bo.

Dé ching to tinh than binh Pang gii cua Dat nudc, tong thong mudn bd nhiém cic
thi,tru(mg sao cho tong Do binh Pang gidi Ddi véi cic Puong thang ngang va doc 1a nhod
nhat.

Ban hiy viét chuong trinh gidp téng thong thuc hién nhiém vu nay.
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Dir liéu: MAYORS.INP

¥ Dong Pau tién chira N (1 < N < 20000), s6 thanh phd cta DAt nudc.
hof Dong thir i trong s0 N dong ti€p theo chira hai s6 nguyén x;, y; 1a toa Do cua thanh
pho thir i (x;, yi thuoc pham vi s6 nguyén 32 bit).

Két qua: MAYORS.OUT
Y Inra N dong, dong tht i chira sd nguyén 0 hodc 1 twong tng voi viée can b
nhiém thi truéng nam hay nir cho thanh pho.

Vi du:

IMAYORS.INP [MAYORS.OUT

5

00
01
10
11
12

SO == O
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VAN PE: THUAT TOAN FORD BELLMAN KET HQP QUEUE
VONG.

Bai todn: Cho D6 thi ¢6 huéng khong c6 chu trinh 4m, tim Puong Di ¢6 trong s6 nhod nhat
gitta 2 Pinh s va t cho trude trén D6 thi.

Huéng gidi quyét: Thuat toan FORD BELLMAN Duoc st dung trong bai téan tim
Puong Pi trong s6 nho nhat trén D6 thi khong c6 chu trinh am, thuat todn mo ta nhu sau:

for v:=1 to n do d[v] := +0; {d[v] 1la nhan trong sé Pudng Pi ngdn nhét
tu s tdi v}
d[s] := 0;
repeat
stop:=true;
for u:=1 to n do
for v:=1 to n do
if alu,v] then {néu cé cung (u,v)}
if d[v] > d[u] + c[u,v] then {Piéu kién P& tbi wu nhan}
begin
d{v]:=d[u] + clu,v];
trace([v]:=u; {mdng truy vét Pudng bi}
stop:=false;
end;
until stop;

Tu tudng cia thuat téan FORD BELLMAN Ia 1am t6t ddn nhan Dinh v (cho Dén khi
t6i wu) sir dung cc nhin Pinh u Pa Puoc 1am tdt hon trude D6 (d[v] : = d[u] + c[u,v]). Piéu
D6 c6 nghia 12 néu ta c6 tip Q chira nhitng Pinh u Ba Pugc 1am 6t hon & budc trudc DS thi
ta chi can duyét nhitng Pinh u trong tdp A ndy, sau D6 kiém tra c6 thé sir dung nhan Dinh u
D6 Pé t6i vu thém nhitng Dinh v nao khac hay k6. Néu t6i wu Puoc nhin Pinh v thi thém v
vao tap Q bé str dung cho 14n t6i vu sau.

Tu tudng két hop véi Queue Pugc md ta nhur sau:

Ban Pau Queue chi cé Pinh s
Ldp
Ly mdét Pinh u trong Queue
BO Pinh u trong Queue
Duyét moi cung (u,v) xem cé téi uwu Pugc nhdn Pinh v nao khédng, Néu
) gé thi thém v vao Queue (néu trong Queue chua cé v).
Cho bén khi Queue rdng.

D@ thdy Queue c6 t6i Pa n phén tir nén ta c6 thé diing Queue vong Dé cai Pat thuat toan
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x:=0; y:=0; Queue[0]:=s; {khoi tao Queue}
fillchar (inqueue, sizeof (inqueue), false); {mang bDanh dédu Pinh bang coé
trong Queue}
inqueue([s] :=true;
for v:=1 to n do d[v]:=+ 00;
d[s] :=0;
While x <> (y+1) mod n do
Begin
u:=queue [x];
inqueue[u] :=false; {14y Pinh u ra khoéi Queue}
x:=(x +1) mod nj;
For v:=1 to n do
If alu,v] then {N&u cé cung (u,v)}
If d[v] > d[u] + c[u,v] then
Begin
d{v]:=d[u] + clu,v];
trace(v] :=u;
If not inqueue[v] then
Begin
y:=(y + 1) mod nj;
queue [y] :=Vv;
inqueue[v] :=true;
End;
End;
End

Thuét todn FORD BELLMAN két hop Queue vong c6 thoi gian hoat BDong rat hiéu
qué so voi thuat toan FORD BELLMAN Don thuan. N6 khong chi tmg dung trong cic bai
tim Puong i trong s6 nhé nhit ma con Pugc ding trong cdc bai todn sir dung tu tudng
FORD BELLMAN néi chung.

l u]z én Ez"n .

Bai todn: Vi tri tot nhat BESTSPOT)

Bessie, ludn ludn muébn cudc séng ctia minh tot hon , Pa théy ro rﬁng cO ta that su
rat thich ghé thim F (1 <= F <= P) cdnh Df)ng yéu thich F_i trong tong s6 P (1 <= P <=
500;1 <= F_ 1 <=P) canh Dong (Pugc Danh s6 tor 1-> P) thudc so hitu ciia ndng dan John.
Bessie biét rang cd Ay c6 the xac Binh Buge C (1 <= C <= 8000) con DBuong hai chleu
(Puogc Péanh sb 1 .. C) két ndi tat ca cdc canh Ddng trong toan bo nong trai. Ung véi mdi
con Puong P_i 1a thoi gian Bi T_i (1 <= T_i <= 892) va ndi 2 canh Dong aivab_i(l<=
a_i<=P;1<=b_i<=P).

Bessie mudn tim cdnh Ddng tot nhat Dé ngli thoa man binh quén thoi gian Dé Di Dén F
canh Pong yéu thich ctia co ta 1a nho nhat.

Dir liéu: BESTSPOT.INP
Y Dong 1: 3 s6 nguyén P,F,.C
¥ Dong 2..F+1: Dong i+2 chira 1 s6 Nguyén F_i
Y Dong F+2..C+F+1 : M&i dong chtra 3 s6 Nguyén a_i, b_i, F_i md ta 1 con Puong
2 chiéu 1a thoi gian di chuyén gitra chiing.
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Két qua: BESTSPOT.OUT
hof Gf)m 1 dong duy nhé}; 1a canh Pdéng Puoc chon . néu c6 nhidu két qua , chon canh
Dong c¢6 chi s6 nho nhat.
o]
Vidu:

BESTSPOT.INP | BESTSPOT.OUT
13615 10

11

13

10

12

8

1

243

7113
10111
4133
9103
232
354
592
676
561

124
453
11123
6101
787
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VAN PE: THUAT TOAN DIJTRA VOI CAC PINH AO

Lam quen v&i dang todn nay qua cac vi du:

Bai todn: Tuyén bay (AIRLINES)

C6 N thanh phd va M Pudng hang khéng hai chiéu giita mot s cip thanh phd nao D6,
cic Pudng bay Puoc quan 1y boi 16 hing hang khong. Céc thanh phd Puoc Panh sb tir 1 t6i
N (N <100) va cac hang Buoc Banh s tir 1 t6i 16.

Puoc biét chi phi bay truc tiép giita hai thanh phd i, j bat ky (néu nhu c6 Puong bay ) 1a
C. Néu Pang Pi mdy bay cua mot hang Dén san bay nao D6 rdi chuyén sang mdy bay cia
hang khéc thi s& phai mét thém mot khoan phu phi A.

Yéu cau: Cho trude hai thanh phd S va F, hay tim hanh trinh bay tir thanh phd S Pén
thanh pho F voi chi phi it nhat. Véi gia thiét rang ludn ludn ton tai cach bay tu S toi F.

Dir liéu: AIRLINES.INP

Y Dong 1 ghi sdu sO nguyén duong N, M, C, A, S, F. (1 <A, C<100)

Y M dong tlep theo, moi dong ¢6 dang u v k1 k2 ... cho biét rdng gitra thanh phé u
va thanh phd v c6 Puong bay va k1, k2, ... 1 s6 hiéu cdc hing s¢ hitu Pudng bay
b6

Két qua: Ghi ra file vin ban AIRLINES.OUT. Trong Dé:

¥ Dong 1: Ghi chi phi tdi thiéu phai tra

Y Cic dong tiép theo, mdi dong ghi mot bd ba i, j, k. Thé hién tai budc D6 sé& bay tir
thanh phd i Dén thanh phd j boi may bay cuia hing k. Thir ty cac dong phai theo
Bung thir ty bay trong hanh trinh.

Céc sb trén mot dong ctia Input/Output file ghi cdch nhau it nhat mot dau cach.

Vi du: Vi mang ludi buong khong nhu duoi bay: can Pi tir thanh phé 1 Pén thanh phd 5.
Chi phi Dudng bay tryc tiép gitra hai thanh phd bit ky C = 3, phu phi chuyén tuyén A = 2.
Cic sb ghi bén canh cic Puong bay truc tiép 12 tén céc hang s hiru Puong bay 6.

85



MGt s6 van Dé Pdng chii ¥ trong mon tin hoc

AIRLINES.INP | AIRLINES.OUT
15163215 37
12 1 121
23 1 231
34 12 341
39 2 491
49 1 981
510 13 871
67 1 7132
6 11 1 13143
78 1 14153
713 2 15103
89 1 1053
1015 3

1112 1

1213 1

1314 13

1415 13

Ggiy: Xay dyng D6 thi cic Pinh (u,k) v6i ¥ nghi hanh khiach Pa bay chuyén bay cta hang k
Pén thanh pho u.

Dinh (u,k) ¢6 canh ndi v6i Pinh (u’,k) néu hing méy bay k c6 tuyén bay tir u Dén u’.
canh nay c6 trong s 12 C.

Dinh (u,k) ¢6 canh ndi voi Pinh (u,k’) néu hing mdy bay k’ ¢6 tuyén bay xuét phit tir
u. canh nay c6 trong s6 1a A.

Két qua 1a Puong Di ngén nhat trong s cac Puong Di ngin nhat tir Dinh (S,k) Dén
(FX’) (1<=k,k’<=16)

Baitodn: Chuyén hang (CARGO)
Ban P6 mot kho hang hinh chit nhat kich thuéc mxn Puoc chia thanh cic 6 vudng

Pon vi (m hang, n cot: cdc hang Péanh sb tir trén xudng dudi, céc cot Panh sb tir trai qua
phai). Trén cdc 6 ciia ban D ¢6 mét s6 ky hiéu:

o Céc ky hiéu # Danh diu cic 6 Da c6 mot kién hang xép san, o

Mot ky hiéu *: Danh dau 6 Pang c6 mot xe Day

o Mot ky hiéu $: Panh dau 6 chira kién hang can xép

o Mot ky hiéu @: Panh ddu vi tri 6 ma can phai xép kién hang B vao 6 D6 o

Céc ky hiéu dau cham ".": Cho biét 6 D6 trong

Can phai diing xe Day ¢ * Dé Dy kién hang & $ Dén vi tri @ sao cho trong qud trinh di
chuyén ciing nhu Pay hang, khong cham vio nhiing kién hang Pa Puoc xép san. (Xe Dy ¢
thé di chuyén sang mot trong 4 6 chung canh véi 6 Pang Pung). Néu c¢6 nhiéu phuong 4n thi
chi ra mot phuong 4n sao cho xe Dy phai di chuyén qua it budc nht.
Cic hudng di chuyén Puoc chi ra trong hinh duéi Day
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HH HIEH HH N
H @
H# Hw E

Dir liéu: CARGO.INP

Y Dong 1: Ghi hai s6 nguyén duong m, n cich nhau mét déu cach (m, n < 80)

Y m dong tiép theo, dong thir i ghi Pu n ky hi€u trén hang thir i cua ban D6 theo Ping
thir tur tir tréi qua phai. Céc ky hiéu Puogc ghi lién nhau

Két qua: CARGO.OUT

Y Dong 1: Ghi s6 budc di chuyén xe Pay Dé thyc hién muc Pich yéu ciu, néu khong
6 phuong 4n kha thi thi dong nay ghi s6 -1

Y Dong 2: Néu c6 phuong dn kha thi thi dong nay ghi cdc ky ty lién nhau thé hién
huoéng di chuyen ctia xe Pay R (East, West, South, North). Cdc chir ci thuong
(e,w,s,n) thé hién budc di chuyen khong Day hang, cic chir cai in hoa (E,W,S,N)
thé hién budc di chuyén c6 DPay hang.

Vidu:
CARGO.INP CARGO.OUT CARGO.INP | CARGO.OUT
88 23 5 9 22
sSWwwwwwNNNwnEseN @... eeNNNssseeeennnnwww

Fo.o... Q. wnEEEE CHELCHEESELE | WWW

CHH# NP

CHESHEH L H#

#o##HHE> *
S...

Goi y: pé Day kién hang Pén 6 vudng (X,y) bat ki ma sb budc i 1a it nhét thi
& trang thai cudi cung, xe Day hodc nam trén, duéi, trdi hodc phai Dbi véi kién
hang (xe Pay va kién hang nam ké& nhau).

Xay dyng Db thi cic Dinh (x,y,k) voi ¥ nghia: xe Day Dang & phia k so véi kién hang
Pang 6 6 (x,y). (1<=k <=4 ing v61 4 hudng trén, dudi, phai, trdi.)

X4y dung cdc canh cta Db thi: Pinh (x,y,k) ¢ canh nbi téi Pinh (x’,y’,k) néu xe
Day c6 thé Pay kién hang ¢ 6 (x,y) 1 nic theo hudng k Dé t6i 6 (x’,y’). canh nay c6 trong
s6 bang 1.

Dinh (x,y,k) ¢6 canh nbi téi Dinh x,y.X") néu xe Day c6 thé di chuyén tir vi tri ndm
& phia k so v6i kién hang Dén vi tri méi nim & phia k’ so véi kién hang . Canh nay c6
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trong s6 bang Do dai Puong Pi ngan nhat ma xe Pay phai di chuyén Dé thay D6i vi tri so
v6i kién hang
Vi (x1,yl) 1a vi trf cia kién hang ban Béu, (x2,y2) 1a vi tri cta kién hang can di

chuyén Dén. Duyét k1,k2 nhan gid trj 1 trong 4 hudng

Goi d(kl, k2) khoang cach ngan nhét tir Dinh (xl,yl k1) DPén Dinh (X2 y2,k2) +
khoang cdch ngan nhat Dé xe Py di chuyén tir vi tri ban Dau (x0,y0) Dén vi tri nam phia k1
so vdi kién hang.

Gi4 tri nho nhét cta d chinh 1a sb budc di chuyén ngén nhat cia xe Day

Bai todn: Diép vién (SPY)

Dia ban hoat Pong ctia mot Piép vién 12 mot khu phd ma ¢ D6 chi ¢6 cdc Pudng phé
ngang, doc tao thanh mot Iudi 6 vudng. Voi muc Dich bao mat, thay vi tén Duong phd,
Diép vién Déanh s céc pho ngang tir 0 Dén m va cdc phd doc tir 0 Bén n. & mot s6 ngi ba
hodc nga tu ¢6 céc tram kiém sodt. Anh ta Pang Dung ¢ nit giao cua hai Puong (ij, ji) (i -
Puong ngang; i; - Pudng doc) va can t6i Diém hen ¢ giao cua hai DBuong (i2, jo). Dé trdnh bi
theo d6i, Duong Di phai khong qua cac tram kiém sodt va ctr t6i chd r& thi nhat thiét phai
Doi huéng Bi, tham chi ¢ thé sang Pudng va i ngugc tro lai. Viée Doi huéng chi Puoc
thuc hién ¢ ngd ba hodc nga tu. Hay xac Pinh Buong bi ngan nhét t&i Diém hen hodc cho biét
khong c6 Pudng Bi Pap tng Pugc yéu cau P néu.

Dir liéu: SPY.INP

¥ Dong Pau: mniy ji iz jo (0 <m,n < 100) »
Y Céc dong sau: moi dong 2 s0 i, j (toa PO tram kiém soat).

Két qua: SPY.OUT

Y Dong Pau: Do dai Buong bi ngan nhat hoac thong bao NO néu khong c6 Pudng Bi.
Y Cac dong sau: moi dong 2 s 1, j chi nut tiép theo can toi theo Pudng Pi tim Pugc,
bat Pau 131, jiva Kkét thic 12 1, Jo-

Vidu:
SPY.INP SPY.OUT
450054 13
01 00
04 10
22 11
23 10
40 20
52 21
53 31
-1 32
4 2
4 3
3 3
4 3
4 4
54
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Goi y: Xét Db thi cdc Pinh (x,y,k) voi ¥ nghia: Piép vién vira Di tir huéng k t6i va Dang
Dung tai vi tri (x,y). (k nhan gid tri tir 1 Pén 4 twong Gng v6i 4 hudng).

Luyén tap

Bai todn: Hanh trinh ré nhit (ERP)

Thanh phd Peace vira Pua vio 4p dung mot hé théng bién tir ty Bong tinh 1€ phi st
dung 1¢ phi Buong giao thong. Mot hé thong Puoc trién khai Dé phat hién xe ctia ban r&
trdi, r& phai, Di thang hoac quay Dau va mdi thao tdc nhu vy phai tra mét 1€ phi twong_
ung. Bélal$ cho m01 1an r& trdi, 5$ cho mdi lan 1€ phai, Di thang vé phia truée 13 mién phi,
quay Dau xe 12 bi cAm, ngoai trir tinh hudng ¢ cudi phd khi khong con c6 thé Di
thing, 1& trdi, hodc r& phai Puoc nita. Trong truong hop ngoai 1¢ bit budc phai quay Dau xe,
ban phai tra 1€ phi 10$. Ban BPugc moi Dé thiét ké va Dua ra chi dan cho nguoi Pi xe Di sao
cho phai tra 1 phi 1a it nhat gitra 2 Diém bat ky trong thanh phd. Rat may hé thong
Duong giao thong cua Peace c¢6 dang ban co.

ERP.INP ERP.OUT
811 8
S
HeL L EL
N I
CHERFEEE ..
H
CHEEE. L

O vi du trén ky tu *# Dé chi ra Poan Dudng phd, con ky tu”’ .’ chi ra Boan Puong
khong 1a Puong. Cac BPoan Puong pho Péu c6 thé i ca 2 chiéu. Ky tu *E’ chi ra vi trf xuét
phit cta xe 6 td c6 Dau xe hudng vé phia Pong, con ky tu 'F’ chi ra vi tri két thiic. Lo
trinh phai tra 13 83, trong D6 ta phai thuc hién 3 14n & trdi va 1 1an r& phai Dé Dén Pich. Ta
c6 thé thuc hién cach Di 1& phai 2 1an D& Dén Dich, nhung cach D6 16 phi phai tra 1a 108.

Chiéu cao va chiéu rong ciia ban DO it nhat 1a 4 va khong qua 30. Ban D c6 Diing 1
Diém xuét phét va 1 Diém két thic. Ludn c¢6 Puong i tir Diém xuit phat Dén Diém két
thic. Ludn c¢6 mot khung gom toan ky tur *.” vién ban D6 Dé khong thé vuot ra ngoai ban
bo.

Dir liéu: ERP.INP

¥ Dong thir nhét chira 2 sb nguyén duong h, w theo thir tu 12 chiéu cao h va chiéu
rong clia ban Do.

¥ Mbi dong trong h dong tiép theo chira w ky tu. Mdi ky tur chi 1a mot trong sb céc
ky tu sau:
- .72 vi tri khong ¢6 Puong
- #: vi trf ¢6 Pudng ctia ban D6.
-’E’: vi trf xuét phét, xe huéng Dau vé phia Pong.
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-*W’: vi trf xuét pht, xe huéng Dau vé phia Tay.
-N’: vi trf xudt pht, xe huéng Pau vé phia Béc.
-’S’: vi trf xuét phét, xe huéng Dau vé phia Nam.
-*F’: vi trf két thuc.
Y Trong ban D6 c6 Pung 1 trong 4 ky tu *E’, "W’, "N, ’S’. Va Pung 1 ky tu F.
Két qua: ERP.OUT

¥ Duy nhit mot s6 13 18 phi cua 16 trinh ré nhat i tir vi trf xuét phat Dén vi tri két
thic.

Bai todn: Tao xdu
Cho hai tap A va B chira cac xau. A=(pl,p2,...,pn); B=(ql,q2,...,qm);

Mot xau S Puoc goi 1a ¢6 thé nhan Puoc tir A néu S ¢6 thé tao thanh bang cdch ghép cdc xau
trong A. Tuong tu, mot xau S Pugc goi la ¢ thé nhan Puoc tir B néu S ¢6 thé tao thanh bang
cach ghép cac xau trong B. Vi du:

A=(‘12’,°43°5"), B=(‘124","31",°25’)

S="1254312" 1a x4u ¢6 thé nhan Puoc tir A nhung khong nhan Puogc tir B

S="12425" 12 x4u c6 thé nhan Pugc tir B nhung khong nhan Puoc tir A
Bai todn Pt ra 1a: Hay tim mot xau S nhan Puoc tir A va B véi Do dai ngan nhat.

Bai todn: N thang may (LIFT)

Mot toa nha cao tang co N thang mdy, moi thang may ndi lién Ping 2 ting voi nhau va
khong dung lai nhiing tang nam giita 2 ting nay. Van toc ciia cdc thang may 1a nhu nhau: 5
gidy qua mot tang

Thoi Dlem bt Pau, mbi thang may béu & tang thap nhit va chung Cung bt Bau di
chuyen 1én tang trén. Sau khi téi tang trén, ngay lap tic lai chuyén xudng tang dudi, roi lai
1én tang trén, cir nhu the

Minh Dang ¢ tang 1 (tang thip nhit) va mudn nhanh chéng 1én tang trén ciing cua
ngdi nha. Anh ta thay D6i thang mdy chi trén nhitng tang chung cua hai thang mdy va néu
thang mdy kia tai thoi Piém nay cling t6i tng ndy, viéc chuyén thang mdy khi D6 coi nhu
khong t6n thoi gian ndo.

Yéu cAu: Hiy viét chuong trinh tinh thoi gian it nhat ma Minh c6 thé 1én téi tang trén ciing
cua toa nha.
Dir li¢u: LIFT.INP
¥ Dong Pau tién chtra 2 s6 K va N, cich nhau du cdch, 12 sb tang va sb thang may
cua toa nha (2<=k<=1000, 1<=N<=50000).
¥ Trén mdi mot trong N dong tiép theo, mo ta mot thang may ghi hai sd nguyén A
vaB Cach nhau diu cich, (1<=A<=B<=K), nghia la thang may nay di chuyen

gitra hai tang A va B.
Y Khong c6 hai thang mdy nao khdc nhau ma lai di chuyén giita 2 tAng nhu nhau.

Chau y: Dit li¢u vao luén Bam bao cé nghi¢m.
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Két qua: LIFT.OUT

¥ Ghi trén dong mét, thoi gian it nhat (tinh theo gidy) ma Minh c6 thé 1én tdi ting
trén cling cua tda nha.

Vidu:
LIFT.INP LIFT.INP LIFT.INP
104 103 205
15 15 17
510 35 720
57 310 47
710 410
10 20
LIFT.OUT LIFT.OUT LIFT.OUT
45 105 150
Bai todn: Hanh trinh nhanh (JOURN)

Cho N thanh phd. C6 nhirng con Pudng mét chiéu ndi mot sé thanh phd voi nhau.
N thanh phd Puoc Pénh s6 tir 1 Dén N. Vao nhing ngay 1¢, xe ¢d Pi theo Ping chiéu giao
thong, va trong nhing ngay chén thi phai Di theo huéng nguoc lai. P9 dai cic con Puong
giita hai thanh phé 12 s6 nguyén Bugc Do bang khoang thoi gian Di hét con Pudng D6
(khong phu thugc vao hudng bi, tdc D0 cua cic loai xe cd trén mot con Buong la nhu
nhau). Viét chuong trinh tim tuyén tir thanh phd A t6i thanh phd B ma thoi gian toi Puoc
B cang som cang tot. Biét ngay Dau tién cua hanh trinh 13 mot ngay 16. Thoi gian Bi trong
mdi ngay khong vuot qua 12 gi. Pém can nghi trong mot thanh phd. Hanh trinh c6 thé
Puoc tiép tuc trong ngiy hém sau.

Dir liéu: JOURN.INP

Y Dong Pau tién chtra hai s 1an luot 12 sb hiéu cua thanh phd A va thanh phd B.

¥ Dong thir hai chira N 1a s6 thanh phd va K 1a s6 cc con Puong (1<=K<=1000).

Y K dong con lai chira théng tin vé cic con Pudng, mdi dong chira ba s 12 s6 hiéu
hai thanh phé Puoc ndi véi nhau boi mot con Pudng va khoang thoi gian tinh

bing gio Dé Di hét con Puong D6, chidu ciia con Pudng tir thanh phd ghi trude Dén
thanh phé ghi sau.

Két qua: JOURN.OUT
Y Mbi dong thé hién mot con Puong 1an lugt Di trén hanh trinh bang 4 s6: s hiéu

thanh phd bat Dau, s6 hiéu thanh phd két thiic con Pudng D6, s6 ngay (1a ngay thi
may ke tir khi bat Dau xuat phat ttr A) va thoi gian Bi trén con Puong D6.

91



MGt s6 van Dé Pdng chii ¥ trong mon tin hoc

Vi du:
JOURN.INP JOURN.OUT
13 15110
67 5411
129 4334
1 6 2
1519
5 41
4 6 2
4 3 4
235

Bai todn: Sap xép (SORT)

Cho mot day s6. Ban can sip xép ddy sd bang cich Doi chd cdc cap phan tir. Chi
phi Dé Doi chd phan tir hai ¢ vi tri i va vi trf j 1a Cij.
_ Nhiém vy cua ban 1a tim chi phi nho nhit De c6 thé sip xép day s theo thir ty ting
dan.
Dir liéu: SORT.INP

¥ Dong Pau tién chu:a day sb can sap xép, c6 sd phan tor khong vuot qud 7.

o] Dong thir i trong s6 N dong tiép theo chira N sb nguyen, s6 thir j cho biét Cij, chi
phi Bé Poi chd phan tir & vitri thiri va vi tri thir j. Biét N 12 s6 phan tir ctia day sb,
céc phan tir Pugc Panh s6 tir 1 Bén N tir trdi sang phai. 0 < Cij < 999, C;=0 va
Cij=Cji.

Két qua: SORT.OUT

Y Inra mot s6 nguyén duong duy nhat: tdng chi phi nhé nhat Dé sip xép day sb theo
thir tur tang dan.

Vi du:

SORT.INP SORT.OUT

123465 4
012345
101234
210123
321012
43210900
54329000

oL y: Xem moi Dmh la mot trang thai hodn vi cia N s6 (c6 tit ca N! Pinh). Hai Pinh ¢6
canh ndi voi nhau néu hai trang thai hodn vi twong tng chi khac nhau ¢ hai phan toruva
v bi B6i chd cho nhau, trong s6 cua canh nay bang Cy,. Tim Duong bi ngén nhét tir Dinh
ing voi day can sap xep Dén Pinh tmg véi day sau khi Da sap khong giam.
Chi y: do s6 Pinh ¢6 thé 16n (= 7!) nén c6 thé ding DIJTRA két hop cdu triic dit liéu
Heap.
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VAN PE: MOT SO UNG DUNG THUAT TOAN DIJTRA

Bai todn: Pwong Di giéi han

Mang ludi giao théng ctia thanh phd biéu dién bang DO thi N Dinh (Pai dién cho N
thanh phd) va M canh (Pai dién cho M ciy céu) MBJi ciy cau c6 gidi han Do cao tbi ba
cua xe khi chay qua né. Hay néi cach khac moéi canh trong Do thi tng voi mot trong sb
nguyén duong la chiéu cao cia ciy cau tuong tng. Tim DPudng b1 tir s Pén t (cho trudc)
sao cho chiéu cao cta xe c6 thé Pi qua 12 16n nhét c6 thé.

Goi y: Goi H[i] 1a chiéu cao 16n nhat c6 thé ciia xe Dé Di tir s Dén i.
Khoi tao gan H[s] = +oova H[i] = 0 v&i i#s
Thuat todn stra nhan twong ty thudt todin DIJTRA

Repeat
u:=0; max:=0;
for v:=1 to n do
if freelv] and (h[v] > max) then
begin
max:=h[v]; u:=v;
end;
if u=0 then break;
free[u] :=false;
for v:=1 to n do
if afu,v] then
if h{v] < min(h[ul,c[u,v]) then
begin
h(v]:=min (h[u],clu,v]);
tracel[v] :=u;
end;
until false;

Bai todn: Téng s6 Puong Pi ngin nhat

Cho D06 thi v6 hudng G véi cic canh ¢6 trong s0,2 Pinh s,t cho trude. Tinh s6 Duong
Di ngan nhat tur s tdi t.( 2 Puong Di khic nhau néu thtr ty cdc Dinh trén 2 Puong Bi khac
nhau)

Huéng gidi quyét: Két hop DUTRA va Quy hoach Pong

Theo thuat téan DIJTRA, d[i] 1a khoang céch ngian nhét tir s Dén Pinh i. Ban Dau
d[v] =+ (V v#s)vad[s] =

Quy hoach Pong goi f[i] 12 s6 Puong Pi ngan nhat tir s Bén Pinh i.Ban Pau f[v] =
(Vv#s)vaf[s]=1.
Trong chuong trinh DIJTRA:

M&i khi tim Puoc Pudng Pi méi ¢6 Do dai ngan hon (d[v] > d[u] + c[u,v]) ta tién
hanh thay Ddi d[v] := d[u] + a[u,v] Dong thoi f[v] := f[u].

Mai khi tim Puoc Pugc 2 buong bi c6 B dai bang nhau (d[v] = d[u] + c[u,v]) thay
DPoi f[V] =f[v] + flu].

f[t] 12 két qua can tim.
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Lap trinh: Boan chuong trinh DIJTRA két hop Quy hoach Dong.

For v:=1 to n do d[v]:=maxlongint; d[s]:=0;
For v:=1 to n do f[v]:=0; f[s]:=1;
Fillchar (Free,sizeof (Free), true);

Repeat
U:=0; mi:=maxlongint;
For v:=1 to n do
If (Freel[v]) and (d[v]<mi) then
Begin mi:=d[v]; u:=v; end;
If u=0 then break;
Free[u] :=false;
For v:=1 to n do

If Freel[v] then
If d[v]>d[u] + c[u,v] then

Begin df[v]:=d[u] + clu,v]; flv]:=f[u]; end
Else
if d[v] = d[u] + c[u,v] then f[v]:=f[v] + f[ul;

Until false;

Bai todn: K Puong Pi ngin nhit (PATHK)
~ Vung bat X c6 N thanh phd (4<N<800) Pugc Déanh s6 tr 1 Bén N. Gitra hai tbénh
pho c6 thé c6 Puong ndi tryc tiép hodc khong. Cac con Budng nay Bugc Danh s6 tir 1 Bén M
(1=sM<4000). Ban 1anh Pao thé duc thé thao ving X t6 churc cudc chay Dua ti€p stic thong
minh theo quy ludt sau: ) ) )
- Thanh pho xuat phat la thanh pho 1, thanh ph6 bich 1a thanh pho N.
- Moi Doi c6 K nguoi du thi. Lan luot timg nguoi chay tir thanh pho 1 vé thanh
pho N. i ) )
- Khi mét nguoi chay vé toi thanh pho N thi nguoi ti€p theo moi Bugc phép
xuat phat. Nguoi thir K vé Bich tai thoi Diém nao thi thoi Biém D6 Dugc coi la
thoi DPiém vé Dich cua toan Doi. ,
- Duong chay cua K D61 vién khong Duge giong nhau hoan toan.
- (6 thé chay lai nhitng Poan Pa chay qua.
Yéu cau: Hay viét chuong trinh tinh thoi gian nho nhit DBé mot Di hoan thanh cude chay
Pua ti€p strc néu trén néu cac van Bong vién cé toc DS chay nhu nhau.
Dir li¢: PATHK.INP
Y Dong Pau ghi ba s6 K, N, M »
Y M dong tiép theo, moi dong ghi 3 s6 nguyén 1, j, w thé hién mot Buong i truc tiep
gitra hai thanh pho i va j mat thoi gian chay 1a w (Pon vi thoi gian 1<w<9500)
Két qua: PATHK.OUT
¥ Dong thir nhit chira mot sé nguyén duy nhét 1a thoi gian chay nhé nhat ctia mot
boi.
Y K dong tiép theo, mdi d(‘)ng’thé hié;n mot hanh trinh chay cia mot van Bong vién
trong D0i: 1a day cac thanh pho lién ti€p trén hanh trinh D6.
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Vi du:

PATHK.INP PATHK.OUT
458 23
121 1325
132 135
142 12125
232 125
253

343

354

456

Goi y: Tu tuong dua vao thudt toin DIUTRA. Goi D[t,i] 1a Buong bi ngan thir t trong K
Puong Di ngan nhat ttr Pinh 1 Bén Dinh i.
MO ta thuat toan:

Kh01 tao D[t,i} = +oo vdi moi (i, 3J) ngoal tru D[1,1]=O
Lap
Tim D[t,i] nhdé nhdt va (t,i) chua DPugc banh diu.
Panh dau (t,i).
St dung (t,i) P& stta cdc nhé&n D[t’,i’] voéi Piéu kién
- ¢cb canh (i,1i’)
- D[t’,i”] > D[t,i] + aldi,i’"]
Khi P66 can gan lai moi Pudng Pi ngdn tht t téi Pinh i thanh Pudng
Pi ngdn tht t+1 va cdp nhat Pudng Pi ngdn thu t tdi i bdng Dudng Pi
qua i’ trudc rdi qua canh (i,1i’) téi i.
Cho Pén khi Panh déu hét céc (t,i).

Bai todn: Sé phu thujc - Olympic Balan 2003 (SUMS)

Cho tap ) nguyén A gém n phﬁn o, A={ay, ay,..., a,}. Sé k Puoc goi 1a phu thudc vao
tap A, néu k Puoc tao thanh bang cich cong céc phan tir cia tdp A (mdi phan tir ¢6 thé cong
nhiéu 1an).

Vi du cho A={2,5,7}. Céc sb nhu 2, 4(2+2), 12(5+7 hodc 2+2+2+2+2) Puoc goi 1a phu
thudc vao tap A. S60 cling goi la phu thudc vao tap A.

Yéu cdu: Cho mét diy B, hiy kiém tra xem b; c6 phai 12 s6 phu thudc vao tip A hay
khong .

Dir liéu: SUMS.INP

Y Dong Déu tién chira s6 nguyén n (1 <n < 5000).

Y Ndong tlep theo chtra céc phén tir ctia tp A, aj < a < ... < a, (1 <2a; < 50000 ). hof
Dong thir N+2 chira sO nguyén m (1 <m <10000).

Y M dong t1ep theo chira day ) nguyeén by, by, ..., by (0 < b; < 1000000000 ).

Két qua: SUMS.OUT

¥ GOm m dong, dong thir i ghi ra TAK néu bi 1a s6 phy thudc vao tap A va NIE néu
khong phai la s6 phu thudc.
Vi du:
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SUMS.INP SUMS.OUT
3 TAK
2 NIE
5 TAK
7 TAK
6 NIE
0 TAK
1

4

12

3

2

o1y : Tu tuong dp dung thuat toan DIJTRA voi ly thuyet Pong du trong todn hoc.
Xet bd thi gom a; Pinh Dai dién cho cac so6 du khi chia mot s6 cho a;. Cac Pinh
nay ¢ s6 hidu tir 0,1,...a;-1.

Lan Iuot lay $b du cua phép ch1a a,a3,...,a; cho a;. Gia s ak mod a; = x thi se c6 cac
canh ndi (0,x), (1,x+1), ... vdi trong s6 a,. Chi ¥ trudng hop 2 s ay < ap ¢6 cling s du khi
chia cho a; thi chi xét a.

Goi d(i) 1a Puong Di ngin nhét tir Dinh 0 Pén Pinh i con lai (1<=i<=a,) - Pay ciing
chinh la téng nho nhit c6 thé tao Puge tir n s6 Pa cho théa man Piéu kién khi chia cho a; c6
s6 du 12 i. Do D6 b 1a s6 phu thude néu b; >= d(b; mod a;)

Luyén tap:

Bai todn: Bio ton Pong vat hoang da (MOVE)

Mot khu béao ton Dong vat c¢6 n Dia Diém va cic Buong Di hai chiéu ndi céc Dia Diém
D6, Pia Diém thir i c6 nhiét P 1a t;, gitra hai Dia Diém bat ky c6 nhiéu nhit 12 mot Puong bi
ndi chiing.

Nguoi ta mudn di chuyén mot loai Dong vat quy hiém tir Dia Piém A téi Pia Diém B,
tuy nhién néu chénh léch vé nhiét Do giita hai Dia Diém lién tiép trén Puong Di 1a qui cao
thi loai Pong vat nay rat c6 thé b chét.

Yéu cau: Hay chi ra mot hanh trinh ma D6 1éch nhiét Do 16n nhét giita hai Dia Diém lién
tiep bat ky trén Puong Di 1a cuc tiéu.

Dir liéu: MOVE.INP

Y Dong 1: Chuabason A,B(2<n<200; A#B)

Y Dong 2: Chua nsd tu nhlen ty, to, ..., Iy (Vl 0 <t;<20000)

Y Céc dong tiép theo, mdi dong chua hai s6 nguyén duong u, v cho biét giira hai Dia
Piém u va v ¢6 Puong Di n6i chuing.

Két qua: MOVE.OUT

Y Dong 1: Ghi P 1éch nhiét D6 16n nhét gitta hai Dia Diém lién tiép bat ky trén
Pudng Bi tim Pugc, néu khong ton tai Pudng i thi dong nay ghi s6 -1.

¥ Trong truong hop tim Puoc Pudng Pi thi dong 2 ghi hanh trinh tim Puoc, bt Dau
tir Dia Diém A, tiép theo 13 nhitng Dja Diém Di qua, két thic 12 Dija Piém B. Cic Pia
Piém phai Puoc liét ké theo Pung thit ty Di qua trén hanh trinh
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Y Cic sd trén mot dong cuia Input/ Output file Pugc ghi cdch nhau it nhit mot ddu
cach.

Vi du:

MOVE.INP MOVE.OUT
714 2

20 22 29 30 24 27 26 1257634
12
13
14
24
25
34
36
45
46
57
67

Bai todn. Puong Pén truong (SCHOOL)

Ngay 27/11 toi la ngay t6 chirc thi hoc ky I & truong DH BK. La sinh vién nim thi
nhat, Hiéu khéng mudn vi Bi muén ma gip truc tric & phong thi nén ba chuan bi kha k¥
cang. Chi con lai mot cong viéc kha gay go 1a Hiéu khong biét Bi Pudng ndo téi truong 1a
nhanh nhit. Thuong ngay Hiéu khong quan tdm t61 van Dé nay 1am cho nén bay gid Hiéu
khong b1et phai 1am sao ca . Ban D6 thanh phd 13 gdm c6 N nit giao théng va M con
buong ndi céc nit g1a0 thong nay. C6 2 loai con Buong 1a Duong 1 chiéu va Puong 2
chiéu. P dai ciia mdi con Puong 12 mét sé nguyén duong. Nha Hiéu & niit giao thong 1
con truong DH BK 0 nit giao thong N. Vi mét 16 trinh Duong i tur nha Hiéu t6i truong
6 thé gip nhleu yéu t6 khédc nhu 12 gap nhiéu ben Do , Di qua cong truong xdy dung, ...
phai giam téc D6 cho nén Hiéu mudn biét 12 c6 tat ca bao nhiéu 16 trinh ngdn nhat Pi tir
nha t6i trudng. Ban hay 1ap trinh gidp Hiéu giai quyét bai todn khé nay.

Dir liéu: SCHOOL.INP

Y Dong thir nhét ghi hai sd nguyén N va M.

Y M dong tiép theo, mdi dong ghi 4 s6 nguyén duong K, U, V, L. Trong D6
Y K =1 c6 nghia la c6 Puong Bi mét chiéu tir U Dén V voi Do dai L.

Y K =2 c6 nghia la c6 Puong Di hai chidu gitra U va V véi Do dai L.
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Két qua: SCHOOL.OUT
S Ghi hai s6 1a Do dai Puong Di ngén nhén va s6 lugng Dudng Di ngén nhat. Biét
rang sO lugng Duong Pi ngan nhat khong vuot qua pham vi int64 trong pascal hay
long long trong C++.
Gioi han:
g 1<N<5000

g 1 <M <20000
Y Do dai cac con Buong < 32000

Vi du:
SCHOOL.INP | SCHOOL.OUT
32 41
1123
2231
Bai todn: Thanh phé trung tAm (CENTRE)

Theo thong ké cho biét mirc D6 ting trudng kinh té ctia nude Peace trong nam 2006 rét
Piéng kha quan. Ca nude c6 tong cong N thanh phd 16n nhd Puoc Pénh sb tuan tu tir 1 Dén
N phat trién khd Pdng Péu. Gitta N thanh phd nay 12 mot mang ludi gom M Puodng i hai
chiéu, mdi tuyén Puong ndi 2 trong N thanh phd sao cho khéng ¢6 2 thanh phd nao Pugc
nbi boi qud 1 tuyén Puong. Trong N thanh phd nay thi thanh phé 1 va thanh phd N 1 2 trung
tAm kinh t& 16n nhat nudc va hé théng Pudng Pam bao ludn c6 it nhit mot cich Di tir thanh
phd 1 Dén thanh phd N.

Tuy nhién,ca 2 trung tdm nay Déu c6 dau hiéu qua tai vé mat Do dan sb. Vi vay, Dirc
vua Peaceful quyét Dinh chon ra thém mot thanh phd nita Pé Pau tu thanh mot trung tim
kinh té thir ba. Thanh ph6 nay s& tam ngung moi hoat Pong thuong nhat, ciing nhu moi
luf)ng lru thong ra vao Dé tién hanh nang cAp co s6 ha téng Nhung trong thoi gian sira
chira a ay, phai bao Bam Duong Di ngan nhét tir thanh ph6 1 Dén thanh phd N khong bi thay
D6i, néu khong nén kinh te quoc gia s¢ bi tri tr¢.

Vi tri va Puong ndi giita N thanh phd Puoc mo ta nhu mot D6 thi N Dinh M canh.
Hiy gitip nha vua Dém s6 lugng thanh phd c6 thé chon 1am trung tam kinh té thir ba sao cho
thanh phé Puoc chon thoa man cic Piéu kién & trén

Dir liéu: CENTRE.INP
¥ Dong Dau tién ghi 2 s0 nguyén duong N va M la s0 thanh phd va s tuyén Puong.

Y Dong thir i trong s6 M dong tiép theo ghi 3 s6 nguyén duong x;, yi va d; voi y
nghia tuyén Puong thir i ¢6 Do dai d; va ni giira 2 thanh phd x;, yi.

Output: CENTRE.OUT
Y Dong Dél} tién ghi s6 ty nhién S 1a s6 lugng cdc thanh phd c6 thé chon 1am trung
tim kinh t€ thirba. ) ) )
Y S dong tiép theo, moi dong ghi 1 s6 nguyén duong 1a so thtr tu cua thanh pho
Duogc chon ( In ra theo thir ty tdng dan )
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Giédi han:

¥ 2 <N <30000
W 1< M < 100000

Y 1<d;<1000

Vi du:
CENTRE.INP | CENTRE.OUT
66 2
121 4
231 5
361
14100
45100
56100

Ggi y: Goi F1[i] 1a s6 Duong i ngan nhat tir 1 Dén i. F2[i] 1a s6 Puong Di ngén nhat tir i
Pén N. Di,éu kién DBé i‘Duzqc chon lam trung tam kinh t€ la F1[i] + F2[i] > F1[n] (= F2[1]).
Chd y vi s0 Pinh cua D6 thi 16n nén st dung thuat téban DIJTRA + Heap.
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VAN DE: LUONG MINCOST

Bai todn: Ludng cuc Pai véi chi phi nhé nhit (MINCOST)

Cho médt mang 12 D6 thi ¢6 huéng n Pinh, m cung. Mdi cung ctia mang ¢ mot kha
ning thong qua va mot cude phi van chuyén nhat Dinh.

Trong thyc té ¢6 thé hinh dung D6 thi nhu mot mang ludi van chuyén hang héa.
Mbi cung (u,v) c6 kha ning thong qua ay,y c6 nghia la lugng hang hoéa thong qua cung
nay khong Puogc vuot qua a,, . Mbi cung (u,v) c6 mot cu0’c phi van chuyén c,, nghia 1a
néu van chuyén k Pon vi hang (k < a,,) trén cung nay thi mat mot chi phi k*c,,.

Hay tim mot phuong 4n van chuyén, nghia 12 hiy xdc Pinh trén mdi cung cua
mang cin van chuyén bao nhiéu hang (phu hop voi kha nang thong qua cia mang) sao cho
van chuyen Puoc luong hang 16m nhét tir ngudn (Pinh s cho trude) vé Pich (Pinh t cho
trudc) véi tong chi phi van chuyén 12 nho nhét.

ﬁ—b@ 6;2
10;2 |
®/ \j\@%@
Sm 34_)—1/‘ t

Dir li¢u: MINCOST.INP

Y Dong DPiu !é n,m,s,t:SH Diph, sb cung, Pinh nggén, Pinh Dich.
Y m dong tiép theo moi bao gom u, v, ¢, d cho bict c¢6 cung (u,v) véi chi phi la ¢ va
kha nang thong qua Ia a.
Két qua: MINCOST.OUT

Y Dong ,Déu, ghi lugng hang ti ba van chuyén Puoc va tong chi phi van chuyén.

Y Mot so dong tiep ghi u, v, i cho biét van chuyén i Pon vi hang tir trén cung(u,v).
Gioi han:

G n <100

Y dij < 30000

S ¢y <10’

Y Pham vi tinh todn 1a Longint.

100



MGt s6 van Dé Pdng chii ¥ trong mon tin hoc

Vi du:

MINCOST.INP MINCOST.OUT
6916 557
12102 121
1434 144
2314 252
2552 321
4324 362
3214 433
3612 461
4641 562
5662

Huong gidgi quyét: Dua vao thudt todn tim ludng cuc Dai FORD-FULKERSON.
Chii y rang thuat toan FORD-FULKERSON sur dung f;; Dé biéu thi gid tri ludng hién tai
thong qua trén cung (i,)) (fi; = -£j;).

fij > 0 c6 nghia 12 ¢6 ludng gid tri fi; thong qua cung (i,j). Khi D6 cung (i,j) goi la
cung thuén

fij <0 c6 nghiala co ludng gid tri -f;; thong qua cung (j,1). Khi D6 cung (i,j) goi la
cung nghich

Pé tim luéng MINCOST, dua vao thuit toin FORD-FULKERSON ,tai mdi buéc tim
Puong tang ludng, ta tim Puong c6 chi phi it nhét tir s Dén t thoa man céc cung trén Pudng
Di chua Pugc bido hoa (tirc 1a ¢6 thé ting thém gid tri ludng trén cdc cung nay). Chi phi trén
céc cung (i,j) tai mi bude tim Puoc quy Dinh bang Cij néu (i,j) hién tai Pang 1a cung
thuan va bang -Cij néu (i,j) Pang 1a cung nghich. Ta ting gi4 tri ludng dua theo Pudng
Di chi phi it nhat nay cho Dén khi khong tim Pugc Puong ting ludng nio nita thi ta Puoc
ludng MINCOST cuc Pai.
Toan bd chuong trinh bai MINCOST

const inp='MINCOST.INP';
out="MINCOST.OUT';
maxn=100;
maxc=1000000000;
type ii=longint;
var fi, fo:text;
n,s,t:ii;
d:array[l..maxn] of ii;
trace:array[l..maxn] of 1ii;
c,a,f:array[l..maxn,l..maxn] of ii;

Procedure OpenFile;

begin
assign(fi,inp);
reset (fi);
assign(fo,out);
rewrite (fo);

end;
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Procedure CloseFile;
begin

close (fi);

close (Fo);
end;

Procedure Enter;
var i,x,y,m:ii;
begin
readln(fi,n,m,s,t);
fillchar(a,sizeof(a),0);
for i:=1 to m do
readln(fi,x,y,clx,v]l,alx,v]);
end;

function Getd(x:1i) :ii;
begin

if x>=0 then Getd:=1 else Getd:=-1;
end;

function min(x,y:1ii) :ii;
begin

if x<y then min:=x else min:=y;
end;

function FindPath:boolean;
{Tim Pudng tdng ludng)

{st dung thuidt tdéan FORD BELLMAN Pé& tim DPudng tdng ludng cb

nhét}
var u,v:ii;
stop:boolean;

begin
for v:=1 to n do d[v]:=maxc;
d[s]:=0;
repeat

stop:=true;
for u:=1 to n do
for v:=1 to n do

if afu,v] - flu,v] > 0 then
if d[v] > d[u] + clu,v]*Getd (f[u,v]) then
{cung (u,v) cé trong sb clu,v] néu (u,v)
1la cung thudn ¥ flu,v] =0}
begin
tracelv]:=u;
dlv] := d[ul + clu,v]*Getd(f[u,Vv]);

stop:=false;
end;
until stop;

if d[t]l<maxc then FindPath:=true else FindPath:=false;

end;

chi phi

it
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function findel:ii;

{Tim luong ludng cé thé ting trén Pudng Pi chi phi it nhit P& tim Duogc}

var u,v,mi:ii;
begin
v:i=t;
mi:=maxc;
while v<>s do
begin
u:=tracelv];
if f[u,v] >= 0 then {Néu (u,v)
mi:=min(mi,afu,v] - flu,v])
else {(u,v) la cung nghich}
mi:=min (mi,-f[u,v]);

vi=u;
end;
findel:=mi;

end;

procedure IncFlow;
{tdng ludng}
var pp,u,v:ii;
begin
pp:=findel;
v:i=t;
while v<>s do
begin
u:=tracelv];
inc (f[u,v],pp);
dec (f[v,ul],pp);
vi=u;
end;
end;

Procedure Process;
var boo:boolean;
u,v,k,sum:ii;
begin
fillchar (f,sizeof (f),0);
repeat
boo:=FindPath;
if boo then IncFlow else break;
until false;

k:=0;
for v:=1 to n do
if f[s,v]>0 then inc(k,f[s,v]);

sum:=0;
for u:=1 to n do
for v:=1 to n do

la cung thuén}

if f[u,v]>0 then inc(sum, flu,v]*clu,v]);

writeln(fo,k,"' ',sum);

for u:=1 to n do
for v:=1 to n do
if flu,v]>0 then writeln(fo,u, '
end;

IV’

A}

'y E[u,v]);
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begin
OpenFile;
Enter;
Process;
CloseFile;
end.

Luyén tap:

Bai todn: Trao Doi thong tin (KWAY)

Cho mét mang thong tin gdm n tram va m Pudng ndi hai chiéu giita cdc tram. Tram s 1a
tram chi huy, tram f'1a tram Diéu khién. Sau mot 14n bi tin tic tin cong léy mét dit liéu tir tram
chi huy chuyén Dén tram Diéu khién, chi huy mang quyét Dinh chia thong tin chuyén i thanh
k Pon vi thong tin Dé chuyén theo k Puong Dén tram Diéu khién. M2 hai Pudng truyén bat
ky khong Pugc chung bét ky mot Puong nao.

Hay tim cach truyén k Pon vi thong tin sao cho téng chi phi 13 nhé nhét.

Dir liéu: KWAY.INP
Y Dong Dﬁq lan, m, k, s, f (n <100).
Y mdong tiép lau, v, ¢ cho biét c6 Puong tir u -> v va v -> u vai chi phi la c.
Két qua: KWAY.OUT
¥ Dong Pau ghi -1 néu khong thé chuyén k Pon vi thong tin theo céch trén, nguoc
lai ghi chi phi Dé chuyén. i
Y kdong tiép lan luot ghi cach chuyén cta timg Pon vi thong tin. S6 Pau 1a s6 lugng
tram trén Puong truyén, tiép D6 1a diy céc tram trén Puong truyén (bat Dau tu s,

két thiic & )

Chu y: Pham vi tinh toan 12 Longint.

Vi du:
KWAY.INP KWAY.OUT
811318 11
121 41238
141 515368
151 514278
2 31
2 41
271
381
361
351
6 8 1
781
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VAN PE: CAC CONG THUC HINH HQC

1. Luu dir liéu hinh hoc trong Pascal.
Thong thuong viéc tinh todn trong hinh hoc Pugc thuc hién trén pham vi so thuc.
Mot s6 ki€u s6 thuc thuong Pugc st dung nhu sau:

Kiéu Gidi han Chir s6 ¢6 nghia | Kich thude (Byte)
Single 1.5e-45..3.4e38 7-8 4

Real 2.9e-39..1.7e38 11-12 6

Double 5.0e-324..1.7¢308 15-16 8

Extended 3.4e-4932..1.1e4932 | 19-20 10

Tiy theo yéu cau vé Do chinh xdc ma ching ta st dung kiéu dit liéu cho phit hop.
Chd y rang cdc phép todn véi sb thuc 1udn c6 sai s6, do D6 khi so sanh hai két qua 12 s thuc
thi hai gia tri chénh nhau khong vuot qua mot sb eps (rat nho Puoc mic Pinh tir trude)
thi c6 thé xem hai gié tri D6 bang nhau.
2. Cic khai bdo kiéu dit lidu.
« Khai bdo Diém
e e

; X,y:real;
i end;

* Khai bdo Doan thang
E Type Line=record
i Pl,p2:point

é End;

« Khai bdo Puong thing (ax + by + ¢ = 0)
1 .
: Type StrlLine=record
i a,b,c:real;
E End;

3. Phuong trinh Duong thing.
e Cich lap phuong trinh Puong thing i qua 2 Diém (x1,y1), (X2,y2) 1a:
(Y1-y2)X + (X2-X1)y + (X1y2 - X2y1) =0

i Procedure Extract (pl,p2:point; var d:StrlLine);

: begin

i Var d : strlLine

: d.a :=pl.y - p2.vy;

i d.b :=p2.x - pl.x;

d.c:=pl.x*p2.y - p2.x*pl.y;

e
* Phuong trinh Puong thang trung véi truc tung lax =0
* Phuong trinh Puong thang trung véi truc hoanh lay =0
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4. Khoang céch, goc.

* Khoang céich gifra 2 DPiém (X1,y1) va (x2,y2) la: d = \/( x x) +( y y )

+ Khoang céch giita Diém (xo,yo) va Pudng thang ax + by +c=0Ia:
ax +by +c

2

a4 p
* Goc gilra 2 BPuong théng ax+byy+ci=0vaax+by+c,=01a
|a a +bb |
cos o =
\/a + b \/a + b
1 2 2
* Hai Puong thang vudng géc véi nhau khiaja; + biby =0
5. Vi trf trong Doi.
e Vi tri tuong Ddi cua Piém Ddi v6i Pudng thiang, Poan thang:
o Diém (x0,y0) ndm trén Pudng thing ax + by + ¢ = 0 khi va chi khi
axo+byp+c=0.
o Néu goi F(x,y) = ax + by + ¢ thi axy + byp + ¢ = 0 < F(x0,y0) =0 o
Hai Diém (X1,y1) va (x2,y2) nam khéc phia so voi Buong théng
ax + by + ¢ = 0 khi va chi khi:
(ax; + by1 +¢). (axz + by, +¢) <0< F(xl,yl)*F(xz,yz) <0
o Mot Piém (X0.Y0) nam trén Poan thang ndi hai Diém (x1,y1) va (x2,y2) néu
- F(x0,y0)=0
- min(x ,x )<x <max(x ,x )
1 2 0 1 2
- min(y,y )<y <max(y,y)
1 2 0 1 2
Vi tri tuong Dbi gitra 2 Puong thang (d1): a;x + biy +¢; =0
va (d2): apx + by + ¢, =0

Xét
a bl
D="" "=gib.—a2b:
2b 2
—-c b a c
D,= Y '=bica—bic1 Dy="1; =aic2—azc
—-c2b» ac:
D D
o Néu D # 0 thi hai Puong thing giao nhau tai ( xo, yo) = ( )
"D
o NéuD =0 thi D

- Néu Dy #0 hay Dy # 0 thi hai Pudng thang song song v4i nhau
- NéuD, = Dy =0 thi hai Duong thing tring nhau

6. Giao Diém.
e Hai Doan théng AjA> va BB, cit nhau tai biém khong phai 1a PAu muit khi va
chi khi:
- AjvaA;khéc phia so voi BB,
- Bj vaB; khic phia so voi AjA;

D,

. \ M < . . < R N D
* Hai Duong thang catt nhau khi D # 0, giao Biém 1a (xo0,yo0)= ; )
( - D

D
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7. Ham r€ phai, 1€ tréi.
B C C B C

A A AAff
Ham CCW cho biét khi Di tir A»>B—C 12 1 trdi hay ré phai. Ham tra vé gid
tri -1 néu ré phai (k <0), 1 néu ré trdi (k > O)va 0 néu Di thang. Trong Dé:

(o —Xa) (xc —X)
- =(x=x  Ye=yb) = (Yo=Y a)( X c—Xb)

(Yo=Y )

‘ ) (ye=ye)
Procedure ccw (pl, p2,p3:point) :integer;
Var ul,u2,vl,v2,T:longint;
Begin

ul:=p2.x - pl.x; vl:=p2.y - pl.y;
u2:=p3.x - p2.c; v2:=p3.y - p2.y;
T:= ul*v2 - vl1i*u2;
If T = 0 then abs(ccw) < eps then ccw:=0
Else if t > eps then ccw:= 1
Else ccw:=-1

End;

C6 thé ding ham ccw Dé kiém tra: 2 Poan thing A1A2 va B1B2 ¢6 giao Piém

khac DAu muit khi va chi khi cew(A1,A2,B1)*ccw(A1,A2,B2) <0

8. Tam giéc.
* Dién tich tam gidc

T T abc
S=2aha= P(P—a)(Pb)(p—c):zbcsinA:pr:4
Trong Do6: -
- a,b,clabo dai 3 canh cua tam giac

T

p 1a ntra chu vi tam gidc: p= 2 (a+b+c)
- rlaban kinh Puong tron ni tiép, R 12 ban kinh Puong tron ngoai tiép

9. Da giic.
* Dién tich Pa gigic gé)m céc Pinh (Xl,yll), (X2,¥2)... (Xn,yn) 12:
CGx=x )=y )
S = "y L (Trong DO (Xn+1,¥n+1) = (X1,51))

4 e r ‘l = 1/ 2 7 A A N pe A 7 A ~ o~ A
* Néu Da gidc v6i cdc Dinh ¢6 toa D nguyén thi c6 cong thurc lién h¢ gitra dién
tich Da gidc va s6 Di€m nguyén nam bén trong Da gi4c nhu sau:

S=n+ " -1
2

Trong D6:
- nla so Diém nguyén nam bén trong Da gidc
- m1a s6 Diém nguyén nam trén cac canh cia Pa gidc
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Van dé : Mot dang bai quy hoach dong

bay la mot dang bai quy hoach dong thudng gap , phuong phap thudng la tinh f[L,j] qua f[Lk] va
f[k+1,j] Trong d6 i<=k<=j( do phirc tap thuong 1a O(n*3) , nhung c6 1 sé dang bai c6 thé riit xudng

n”2.) hodc tinh f[Lj] qua f[Lj+1] va f[Lj-1] ,(dd phtc tap 12 n*2)

Bai Todn : <nguon spoj.pl/problems/TRT>
FJ ( Farmer John ) mudn ban N miéng banh 1am tir sita cic con bo. ( 1 <= N <= 2000). FJ ban mdi
ngay 1 miéng banh va mudn nhan dwoc sé tién 16n nht tir viéc ban nhing cdi banh d6 trong mot

khoang thdi gian ¢6 han. Moi miéng banh c6 gia tri cao nhd nhi€u nguyén nhén :

- Cac miéng banh dugc xép trong mot bang dai dugc danh s tir 1 dén N. Mbi ngay, FJ c6 thé lay 1

miéng banh & diu nay hodc dau kia cta biang d6 ).
- Ciing gidng nhu rurgu va phé mét, cic miéng banh cang c6 tudi tho cao thi cang c6 gia tri.
- Gi4 trj cdc miéng banh ciing khong cb dinh. Miéng banh thir i ¢6 gid tri V(i) ( 1 <= V(i) <= 1000).

- M&i chiéc banh c6 gid tri phu thudc vao tudi ciia né. Mdi con bod s& nhan duge a*V(i) v6i miéng
béanh thir i ¢6 a tudi.
Cho céc gid tri V(i). Tim gi4 tri 16n nhét FJ c¢6 thé nhan dugc tir viéc ban nhitng chiéc banh.

Chiéc banh dugc ban dau tién s€ c6 tudi 1a 1. Cac miéng banh sau d6 s€ nhicéu hon miéng banh

trude 1 tudi.
INPUT
Dong thtr nht : Mot s6 tu nhién N duy nhat.

Dong thtr 2 dén N+1 : Dong thtr i chira gid tri ciia V(i)
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OUTPUT
Mot s6 duy nhat 12 gid tri 16n nhit ma FJ thu dwoc tir viéc ban banh.

Sample :

Thuat Toan : QHD :

F[i,j] 12 s6 tién 16n nhat thu duoc cua doan i -> j.

D@ thdy s6 tudi ciia mdi banh & 2 dau lic d6lan-(-i)=T
F[i,j] = Max(F[i,j - 11+ V[j] * T, F[i - 1,j] + V[i] * T).

C6 thé cai tién thanh mang 1 chiéu.

KQ: F[1,N]

Bai Toan LSFIGHT
< nguonhttp://vn.spoj.pl/problems/LSFIGHT/>

Trong ky thi Marathon 08 nim nay cdc vCoders phai tham gia mot mén thi diu ddi khang giita 2

nguodi. Sau vong loai, ban to chirc s€ chon ra N thi sinh c6 s06 di€m cao nhat va danh so tir 1 dén N.
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Céc thi sinh nay phai xép lan luot theo thir ty thanh 1 vong tron (ngudi thir N dimg canh ngudi thir
1). Sau d6 s& chon ra 2 thi sinh bat ki dang dtng canh nhau trong vong tron dé thi du, thi sinh nao
thua s& bi loai va budc phai di ra vong tron, tré vé hang ghé khan gia. Cudc ddu ctr tiép tuc nhu thé
dén khi chi con mot ngudi ¢ lai va ciing chinh 14 nguoi thing cudc.

Tuy nhién ban t4 chirc mudn biét trudc xem c6 bao nhiéu ngudi ¢6 kha nang thang cude va dé 1a
nhitng nguoi ndo. Biét trudce ai s& thing trong mdi tran dau, ban hiy gitp ban td chirc nhé M

Dir liéu

- Dong dau 1a s6 nguyén duong N (3 <= N <= 500)

- N dong sau 1a ma tran A[i, j], A[i, j] = 0 néu th sinh i thua thi sinh j va A[i, j] = 1 néu nguoc lai.
Biét rang luén dam bao A[i, i]=1 v6i moi i va A[i, j] + A[j, i] = 1 vdi i <> j. Céc s6 viét cach nhau
it nhit 1 ddu cach.

Két qua

- Dong dau 12 s6 nguyén duong M - s6 lugng thi sinh c6 kha nang thing cudc

- M dong sau mdi dong ghi mot sb 1a chi s cua thi sinh ¢6 kha ning thing cudc theo thir ty ting
dan ctia chi sd.

Vidu

Dit liéu

7
1111101
0101100
0111111
0001101
0000101
1101111
0100001

Két qua

3

1

3

6

Thuat Toan :

Quy hoach dong
F(, j) = true néu c6 thé ton tai cach du sao cho cic dbi thu giftaivaj déu bj loai (tinh theo chiéu
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kim Dong hd trén vong tron).

F(i, j) = true néu ton tai k giita i va j (giita 12 tinh theo vong tron) ma F(i, k) = F(k, j) = true va k
thua mot trong 2 ngudiivaj.

Tir ddy dé dang suy ra duoc dap s6.

D¢ phuc tap O(n”3).

Bai Toan : OPTCUT
< Nguon http://vn.spoj.pl/problems/OPTCUT/>

Ban can chat mét thanh g6 ra thanh n doan, mdi doan cé do dai a;. Cdc doan duoc chat phai c6 do
dai theo ding thir tw a;, a,, ..., a, tir trdi sang phai.

Tai mdi budc, ban cé thé chat mot nhat chia mot thanh g5 lam hai, va chi phi cho nhét chat nay
bang d6 dai cia thanh gd trudc khi chit.

Thir ty chit khic nhau s& cho ra tong chi phi khac nhau khi chit thanh gb thanh n doan yéu cau.
Vi du ban can chat mét thanh g6 do dai 20 ra thanh 4 doan d¢ dai 3, 5, 2 va 10 theo thur tu.

Khi chat tir trdi sang phai:

20 chat thanh 3 va 17, chi phi 20.

17 chét thanh 5 va 12, chi phi 17.

12 chat thanh 2 va 10, chi phi 12.

Téng chi phi: 49

Khi chat tir phai sang tréi:

20 chat thanh 10 va 10, chi phi 20.

10 chét thanh 8 va 2, chi phi 10.

8 chat thanh 3 va 5, chi phi 8.

Téng chi phi: 38

Ban hay tim cdch chit c6 tong chi phi nhé nhét.

Dir liéu
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Dong 1: n (1 <n <2000)

Dong 2: n $b nguyén duong ai, ay, ..., a,, bidt rﬁng d0 dai cua thanh g6 a|+ay+...+a, < 500000
Két qua

Mot s6 nguyén duy nhét 1a chi phi nhé nhét tim duoc.

Vi du

Dir li¢u

4
35210

Két qua
37

Thuat Toén : Goi Cat[i,j] 1a diém cét sao cho f[i,j] dat min , ¢6 thé tinh cat[L,j] thong qua Cat[i+1,]]

Vacat[i,j-1]. c/m Cat[i,j]>= Cat[i+1,j] , twong tu c6 thé Cm Cat[i,j]<=cat[i,j-1].

Céch chirng minh c6 thé goi 1a 1 trd choi ti wu.

Bai Toan :DTGAME <ngu6n https://vn.spoj.pl/problems/DTGAME/>

Tién bac van ludn 12 thtr ¢6 gia tri ddi vai mbi con ngudi, ké ca véi pirate. Vi vy, khi hon dao
xinh dep ciia tén cudp bién khét tiéng nay sip bi... giai toa, hin da tranh thi vo vét cho dén dong
tién vang cudi cting. Trén hon ddo ¢6 N mé vang niam canh nhau trén mot dudng thing, danh sb tir
1 dén N. M6 vang i c6 gid tri 1a p_i. Doi thi cong s& c6 nhiém vu san lap hét N mo vang nay.
Nhung tai mdi thoi diém, pirate cb ging ngin can viéc san lap bang cich xay mot birc tudng ngin
céch hai mo vang lién tiép nao d6, vay 1a cum mo con lai dwoc chia 1am 2 phan. Di thi cong s&
chon mdt trong hai ph?ln d6 dé san lép hét, thé 1a pirate gitr lai dugc ph?ln con lai va hin s& nhan
duoc s6 ddng tién vang ding bang tong gid tri cia nhitng mo con lai d6. Cong viée ¢t tiép tuc cho
dén khi chi con lai mot mo vang duy nhét. Doi thi cong biét diéu d6, cho nén ho da c6 chién thuat
san lap dé cuc tiéu héa sd tién ciia pirate. Vi long tham khong ddy, pirate quyét tim 1iy cang
nhiéu vang cang tt. Hiy gitip con ngudi khon khd vi tién nay
Input
Dit liéu vao gdm nhiéu dong:
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e Dong 1: Mot s6 nguyén duong N (1 <n <2000).

e Dong 2...n+1: Mdi dong ghi gié tri p_i ctia timg mo vang theo thir ty tir 1 &én n (1 < p_i < 1000).
Output
Dit liéu ra gdm 1 dong duy nhat ghi ra s6 dong tién vang 16n nhat c6 thé vo vét dugc.

Example

Input:

[\SIE SN \S o)W IV

Output:10
Giai thich: Pau tién pirate chia mo vang thanh 2 phan [1,2] va [3,4,5]. Xe i s& san 1ap phan [1,2]

va pirate nhan duoc p_2 + p_3 + p_4 = 8 dong tién vang. Tiép theo chia [3,4,5] thanh [3] va [4,5].
Xe tii san 14p [4,5] va pirate thu thém p_2 = 2 dong tién vang. Cong viéc két thiic vi chi con 1 mo,

vay tong cong thu duoc 1a 8 + 2 = 10 ddng tién vang. Khong c6 cach nao gitip hin thu thém tién.

Thuat to4n : ddy 13 1 bai tuong ty nhu bai OPTCUT , céc ban c6 thé tham khao céch giai & trén .

Luyén tap .

Bai Toan NKPOLY < nguén http://vn.spoj.pl/problems/NKPOLY/>

Pic vua vuong quoc XYZ td chire kén ré cho c6 cong chiia duy nhit ciia minh. Vi vay, 6ng dat ra
nhitng yéu cau rat cao cho con ré twong lai. Dé ¢ thé tro thanh con ré ciia ngai, cdc chang trai thi
nhau thé hién minh. Sau khi vugt qua nhitng phan thi doi hoi sirc khoé, 1ong diing cam, ... ho s&
gip phai mot thir thach vo ciing khé khin, d6 12 phan thi vé sy nhanh nhay va théng minh. Dt
vua s& cho mdi ngudi mot miéng bia chéo bét ki khong c6 diém chung khéc cdc dau miit. Vi cach
v& nhu vay, ching ta s& thu dwoc N-2 hinh tam gidc. Dirc vua yéu cau ho hay tim 2 cich chia:

e Mot céch chia sao cho tam gidc ¢6 dién tich 16n nhat trong N-2 tam gidc 12 16n nhat.

e Mot céch chia sao cho tam gidc ¢6 dién tich 16n nhit trong N-2 tam gidc 1a nho nhat.
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Sau khi nha vua dua ra hinh dang ctia da gidc 161, ho s& chi c6 1 gidy dé dua ra ddp 4n cta minh.
Nguoi dua ra ddp 4n ding nhat va nhanh nhat s& dugc chon lam phd ma. Ban ciing 12 mot ngudi
da lot vao vong thi nay. Hay chung té kha ning cia minh di!
Dir li¢u

e Dong dau tién ghi sé nguyén N 1a s6 dinh cua da gidc.

¢ Trong n dong sau, mdi dong ghi mot cip s6 nguyén 12 toa d6 cédc dinh cua da gidc. Céc dinh duoc

liét ké theo chiéu kim ddng hd.

Két qua
o Dong thir nhat ghi dién tich ciia tam gidc 16n nhat trong trudng hop 1.
e Dong thtr hai ghi dién tich ctia tam gidc 16n nhét trong truong hop 2.
Cac gia tri dién tich c6 do chinh xac 1 chit s6 thap phan.
Gidi han
* 4 <N <200.
o Cic toa do 1a cdc s6 nguyén c6 tri tuyét ddi khong qud 10°.
Vidu
Dir li¢u:
5
00
02
14

22
20

Két qua

4.0
2.0
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Van dé : TRIE TREE va g dung.

Trie tree hay con goi 12 cdy tién t6 , duoc sir dung rat nhiéu trong céc bai todn so sanh chudi . Pinh
nghia don gian va dé hiéu nhung n6 c6 tmg dung kh4 rong .

®/ Ao

s\./'

Hinh bén 1a 1 cdy trie tuong tng cho céc tor "A", "to", 1", "in", and "inn".
Mot s6 bai tap g dung

Bai toan : CHAIN? < http://vn.spoj.pl/problems/CHAIN2/>

Chudi tir 6 dé dai n 1a mot diy cac tr wy, Wa, ..., W, sao cho voi moi 1 <i<n, tor w; la tién t cua
tir wiy1. Nhéc lai tir u ¢6 do dai k 12 tién t5 cta tir v 6 do dai 1 néu 1> k va céc ky tu dAu tién ciia v
trung vo1 tur u. Cho tdp hgp cdc tor S={s,, sy, ..., Sm}. Tim chudi tir dai nhét c6 thé xay dung duoc
bang cdch diing cic tir trong tap hop S (c6 thé khong st dung hét cac tir).

Dir liéu

Dong dau tién chira s6 nguyén m (1 < m < 250000). M6i dong trong s6 m dong sau chtra mot tir

trong tap S. Biét raing mdi tir c6 do dai khong qua 250000 ky tu va tong do dai cua céc tir khong
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vuot qua 250000 ky tu.
Két qua
In ra mot s6 duy nhat 13 d6 dai ciia chudi tir dai nhat xay dung dwoc tir cdc tir trong tap da cho.

Vi du
Dir liéu
3

a

ab

abc

Két qua
3

Dir liéu
5

a

ab

bc

bed

add

Két qua
2

Thuat Todn : Bai CHAIN2 em dung Trie cho céc tir, sau d6 chi can QHD trén Trie dé tim nhanh
¢6 nhiéu nut 12 két thic cua céc tir nhits. Code tham khao :

uses math;
const
FINP = "s
FOUT = '
type
trie = Anode;
node = record
wf longint;
c : array['a'..'z'] of trie;
end;
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var
f1,£2 : text;
root : trie;

S : string;

procedure openkF';
begin
assign(f1,FINP); reset(f1);
assign(f2,FOUT); rewrite(f2);
end;
procedure closeF;
begin
close(fl);
close(f2);

end;

procedure add(var a:trie); inline;
var
c:char;
begin
new(a);
a’.u:=0;
a’.f:=0;
for c:='a' to 'z' do
a’.c[c]:=nil;

end;
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procedure inp;
var
n,i:longint;
p:trie;
begin
readin(f1,n);
add(root);
for n:=1 to n do
begin
readin(fl,s); p:=root;
for i:=1 to length(s) do

begin

if p~.c[s[i]]=nil then add(p”.c[s[il]);

p:=p”.cls[il];
end;
phou=1;
end;

end;

procedure dfs(a:trie); inline;

var

c:char;
begin

a’f:=a’.u;

for c:='a' to 'z' do

if a”.c[c]<>nil then
begin

dfs(a”.c[c]);
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a’.f:=max(a”.f,a".c[c]*.f+a”.u);
end;

end;

procedure solve;
begin
dfs(root);
writeln(f2,root”.f);

end;

begin
openF;
inp;
solve;
closeF;

end.

Bai luyén tap SEC < hitp://vn.spoj.pl/problems/SEC/>

Bessie dinh dan dan bo di trén. D& dam bao bi mat, dan bo lién lac véi nhau bang cich tin nhin nhi
phén. Tung 1a mot nhén vién phan gian thong minh, John da thu dugc M (1 <=M <= 50,000) tin
nhén mat, tuy nhién véi tin nhén i John chi thu dwoc b_i (1 <= b_i <= 10,000) bit dau tién.

John da bién soan ra 1 danh sach N (1 <= N <= 50,000) cac tir ma h6a ma dan bo cé kha nang dang
st dung. That khong may, John chi biét duoc ¢ _j (1 <=c_j <=10,000) bit dau tién cta tir ma héa
thir j. Véi mdi tir ma héa j, John mudn biét sb lugng tin nhan ma John thu duoc ¢6 kha ning 1a tir
ma héa j nay. Tic 1a voi tir ma héa j, c6 bao nhiéu tin nhin thu dugc c6 phan dau giéng voi tir ma
héa j nay. Viéc ctia ban 1a phai tinh s6 luong nay.

Téng s lugng céc bit trong dir lidu dau vao (téng céc b_i va c_j) khéng qud 500,000.

QUY CACH NHAP DU LIEU
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e Dong 1: 2 s6 nguyén: M va N

e Dong 2..M+1: Dong i+1 md ta tin nhén th{r i thu dugc, dau tién 12 b_i sau d6 12 b_i bit cich nhau
boi diu céch, cdc bit c6 gia tri 0 hodc 1.

o Dong M+2..M+N+1: DOng M+j+1 mo ta tir mi héa thir j, du tién 1a c_j sau d6 1a c_j bit cich
nhau boi dau céch.

vViDU

45
3010
11
3100
3110
10

11
201
501001
211

GIAI THICH Vi DU
C6 4 tin nhén va 5 tir ma héa. Céc tin nhin thu duoc ¢6 phan dau 12 010, 1, 100 va 110. Céc tir ma
héa c6 phan dau 12 0, 1, 01, 01001, va 11.
QUY CACH GHI KET QUA
e Dong 1..M: Dong j: S6 luong tin nhin ma c6 kha ning 13 tir ma héa thi j

viDU

N = = ) =

GIAI THICH
0 chi c6 kha nang 1a 010 -> 1 tin nhén. 1 chi c6 kha nang la 1, 100, hoac 110 -> 3 tin nhén. 01 chi
¢6 thé 12 010 -> 1 tin nhin. 01001 chi ¢6 thé 12 010 -> 1 tin nhin. 11 chi ¢6 thé 1a 1 hodc 110 -> 2

tin nhan.

Bai Toan NPR (Pay 12 mét bai dé cac ban luyén tap vé Trie)
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Cho m¢t danh séch tir L va mét tir w. Nhiém vu cia ban 1a phdi tim mdt tur trong L tao thanh mot
"van hoan hao" v6i w. Tir u nay 1 duy nhat xdc dinh boi cdc thudc tinh sau:

¢ N6 nim trong L.

o N6 khac w.

e Phan hau t§ chung cua chiing dai nhat c6 thé.

o u 1a tir ¢6 thir tyr tir dién nho nhit thoa mén céc diéu trén
Chi y
Mot tién t6 ciia mot tir 12 mot chudi c6 thé thu duoc bang céch 1ap lai viée xod ki tu cubi ciing ciia
tir. Tuong ty, mot hau td ciia mot tir 1a mot chudi ma c6 thé thu dwoc bang cach lip lai viée xod ki
tu dau tién cua tur.
Vi du voi tu: different.
Tir nay vira 12 tién t6, vira 1a hau td ctia chinh né. mot tién 6 dai nhét khac ctia né differen, va mot
hau t6 dai nhét khic cta né 12 ifferent. Chudi rent ciing 1a mot hau té khac nhung ngén hon. Chudi
eent va iffe déu khong phai 1a tién t6 hay hau t6 cua tir different.
Goi u va v 1a 2 tir khac nhau. Ta néi réng u c6 thu tu tur dién nho hon v néu hoac u 1a mot tién t6
cua v, hoac néuila Vi tri dau tién ma ching khac nhau, va ki tu thtr i cua u dtng trudce ki ty thir i
cua v trong bang chir cii.
Vi du, dog nho hon dogs, tir nay lai nhé hon dragon (Vi o nhé hon r).
Dir li¢u
C6 2 phan. Phan thir nhat chtra danh sich tir L, mdi tir trén 1 dong. MGi tir chi chira cic chit cai
thuong tiéng Anh va khong c6 2 nao tir gibng nhau.
Phan thtr nhat két thic bing mot dong tréng.
Tiép theo 1a phan 2, véi mdi cAu hoi cho tir w trén mot dong.
Ban c6 thé chic chin ring trong ca 2 phan cta dit liéu vao, do dai ca mbi tir khong qud 30. Va sb
lugng tir trong mdi phan khong qua 250000.
Két qua
V6i mbi ciu hoi, viét ra trén mot dong tir ma tao thanh van hoan hao véi né. Két qua phai viét bang

chit cai thuong.
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Vidu
Dir liéu
perfect
rhyme
crime
time

crime
rhyme

Két qua
time
crime

Trong cau hdi thtr 2, c6 2 tir c6 cung d6 dai hau td véi rhyme (la crime va time), tir c6 thir tu tir

dién nho hon da duogc chon.

Chii Pé : Duyét bang cach chia doi tap hop

Trong thyc té ta thuong gap dang bai phai xét tat ca cic cau hinh dé c6 thé xac dinh ciu hinh tdi

uu. Phuong phép thong thuong dugc st dung la duyét 2”n cb cén . Véi n cd 32 thi chi phi s€ 1a

2A32 ~~ 4 ty(M4y tinh loai trung binh c6 thé phai chay may vai phiit) , ko thé dam béo chay trong

thoi gian cho phép !

C6 1 thuat toan t6i wu hon , d6 12 ta s& chia tap hop trong d& bai thanh 2 phan . Duyét tit ca cic

trang thdi mdi phan . Sau d6 Tiép tuc Duyét hay Qhd. Chi phi s& ndm & ¢ 24(n/2) * n ~~ 1 triéu ,

¢6 thé dam bao chay trong thoi gian cho phép .

Bai tap vi du.
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Bai toan : VECTOR < http://vn.spoj.pl/problems/VECTOR/>

Trong mit phang toa do c6 N véc to. Mi mot véc to dugc cho boi hai chi s6 x va y. Téng cia hai
véc to (X;, yi) va (x;j, y;) dugc dinh nghia 1a mot véc to (x; + Xj, y; + y;). Bai todn dat ra la can chon
mot s6 véc to trong N véc to da cho sao cho téng cua cic vec to d6 la véc to (U, V).

Yéu cau: Bém sb cach chon thod man yéu cau bai todn dat ra ¢ trén.

Input

Dong thtr nhét ghi s6 N (0 <N < 30).

N dong tiép theo, dong thir i ghi cic sé nguyén xi, yi lan luot 1a hai chi sé ciia véc to thir i. (Ixjl, ly;l
< 100). Dong cubi ciing ghi s6 hai s6 nguyén U V (U, IVI < 10°).

Output

Gom moét s6 duy nhat 1a s6 cach chon thoa man.

Example

Goi y :D& dang nhéan xét véi dé bai , c6 mot thudt todn trau bd , d6 1a duyét tit cac céc t hop cta
tap vector da cho, vai mdi trang thdi tim dugc , tinh téng gid tri cua cac vector dugc chon , tir d6
t61 wu két qua. Nhu da néi 6 trén , voi cach 1am nay d6 phc tap s€ 1a 2”n ( n<=30) s& ko chay
trong thoi gian cho phép .

Céch tbi vu hon 1a : chia N véc to thanh 2 phan mdi phan gdm N/2 véc to.

Duyét phan 1, dugc 2M(N/2) véc to tong, luu vao mang 32767 phan ti.

Sort lai mang nay theo chi s X roi y.
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Duyét phan 2, v6i mdi véc to tong (X, y) duyét dugc ctia phan 2, tim xem c6 bao nhiéu véc to tuong

tmg (U-x, V-y) trong phan 1. Ta c6 thé tim bang chia nhi phén.

Do phuc tap OQ2ANN /2) * (N / 2))

B0 nhé O2N(N / 2))

Bai Toan : COIN34 < nttp://vn.spoi.pl/problems/COIN34/>

Ban c6 34 dong xu c6 gi4 tri nhu sau:
xu(l) cé gia tri 2
xu(2) cé gia tri 3
xu(3) cé gid tri 5
forn=4to 34
xu(n) cé gid tri (xu(n-1) + xu(n-2) + xu(n-3))
Ban hay dung nhiéu dong xu nhit dé mua mot mén hang c6 gid 1a X!
Dir liéu
Dong dau tién l1a sb test (khéng qua 1000). Mdi dong tiép theo chira mot s6 nguyén X (1 <X <
2000000000).
Két qua
V&i mdi test, in ra "Case #" + s6 hiéu test + ": " + s6 Iuong 16n nhét dong xu can ding. Néu khong
¢6 cach nao dé dat giatri X thiinra-1.

Vidu
Dit liéu
4

O 0 W —
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Case #1: -1

Case #2: 2

Case #3: 2

Case #4: -1

Goi y : Bai tap nay c6 nhidu diém giéng voi bai VECTOR , nhung do dit liéu dé bai nén ta sé& chia
céc ddng xu da cho thanh 2 phan .

Phan 1 : cdc dong xu thir 1,2...20.

Phan 2: cic dong xu thir 21,22,...34

Duyét phan 1, duge 2220 “téng “, ta luu sb dong tién nhidu nhat dé dat dugc

Mbi tong vao mang F. Duyét phan : duyét tit ca cdc tong , voi mdi tong sinh ra , goi d6 12 S , véi
mdi test , ta tim s6 dong xu nhiéu nhat & phan 1 ma tong gid tri ctia chiing 1a (X-S). tir d6 tim dc

két qua .

Bé\ll Toén . CHNREST http://vn.spoj.pl/problems/CHNREST/

Hang niam vi mudn c6 khéng khi 4m ciing va ciing d¢é tiét kiém nén ban thudng td chirc sinh nhét &
nha. Tuy nhién truéc sinh nhat nim nay vai hom ban da thi dau vao doi tuyén tin hoc quéc gia. Day
1a mot sy kién dac biét c6 y nghia nén ban quyét dinh mirng ngay sinh nhat cia minh tai mgt nha
hang Trung Qudc sang trong va ban ty nhii 1an nay nhat dinh phai tiéu xai rong tay hon. Moi viéc
chuén bi da gﬁn xong nhung con mot van dé 1am ban kha nhurc dau, d6 12 1am sao chon duoc
nhitng mén @n ma moi nguoi cung thich.

Nha hang ¢c6 M mén n khéc nhau va thii vi & chd 1a m&i mén an rat nhidu nén c6 thé du cho bao
nhiéu nguoi ciing duoc, vi thé van d& 12 goi mén nao chir khong phai mdi mén goi bao nhidu. C6
tatca N nguoi dén dy tiéc sinh nhat (bao gém ca ban trong d6). Ban da tim hiéu dugc danh séch
nhitng mén in yéu thich cua timg ngudi va ban mudn rang ddi voi mdi ngudi phai ¢ it nhit 2 mén
ma ho thich. Tuy nhién sau khi n xong con nhiéu tiét myc hap dan khac nén ban ciing muén rang
bat ky ai cling khong c6 qud 2 mén in yéu thich trong danh sich dugc dat trude. Va van dé cudi
cling, ddy 12 tién ctia b me nén ciing khong nén tiéu xai qua dang.

Yéu cau
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Hay cho biét s tién it nhat phai tra dé goi mot thyc don thoa man céc yéu cau trén.
Dt liu

- Dong dau tién chira hai s6 M, N
- Dong thir hai chira M s6 P; 1a gid cia moén thtr i.

- Trong N dong cudi ciing, dong thr k ghi danh sach cdc mén yéu thich ctia nguoi thi k.

Két qua

- Gom mot s6 duy nhat Ia két qua cua bai todn, hogc
- in ra -1 néu khong c6 cach goi mén nao théa man.
Vidu

Dt liu:

53

100 150 300 425 200

124

1345
145

Két qua:
450

Gio61 han

-M <30.
-N<10.

Goi y : v6i m/2 mén an dau tién , ta duyét tat ca cac td hgp cia no,

v&i moi to hgp sinh ra thi s6 mén an wa thich trong list cua moi ngudi sé€ la (al,a2...an),

o rang chi xét nhirng bd nao c6 tat ca cic ai <=2, v6i moi b thi ma hdéa ~thanh * s6 tw nhién

tuong tw cho nhém 2 , véi mdi trang théi (bl,...bn) s& tim dc trang thdi twong tng bén nhém 1

(sao cho al+b1=2, ...,an+bn=2)

Luyén Tap : LQDDIYV htp://vn.spoj.pl/problems/LQDDIV/

Cho N nguoi(2<N<32) ,mdi ngudi c6 mot s6 ay(1 < a;< 10%) duogc goi 12 d0 tin céy
Cén phan chia n ngudi nay vao 2 tap sao cho:
- Mbi nguoi thude ding mot tap

- Chénh léch téng d tin cdy ctia 2 phan 12 bé nhét

127



Mot so van De Pang chi y trong mén tin hgc

Input

Dong ddu chtra s6 nguyén N

Dong tiép theo chira N s6 : s6 thir i 12 d6 tin cdy ciia nguoi thir i

Output

Ghi ra hai s6 u va v v6i u 1a d chénh 1éch nho nhat va v 1a sb céch phén chia

Example

Input:
5
15678
Output:
13

Chu thich : D6 chénh 1&ch it nhét ctia 2 phan 1a 1
C6 3 cach phan chia .3 cach phan chia nhém 1 1a (3,5) ,(1,3,4) va (1,2,5)
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Chii dé : Mjt S6 Bai Todn Vé Cay Khung
V6i cdc bai toan vé cdy khung , ta thuong gap 2 dang bai chii yéu , d6 1a céc bai todn c6 lien quan
dén Cay khung nho nhét , va cdc bai toan c6 lién quan dén ciy khung 16n nhat .
Hai thuat todn thuong dugc st dung 1a PRIM va KRUSCAL ( ban doc c6 thé tham khao trong tai
liéu cia thay Lé Minh Hoang hoic HO S§ Pam, xin ko nhic lai 1y thuyét & day)

Cic bai tap.

Bai toan IOIBIN < https://vn.spoj.pl/problems/IOIBIN/>

C6 N thiing nudc dugc danh sd tir 1 dén N, giira 2 thiing bat ky déu c6 mot dng nbi c6 mot van cé
thé khéa hodc mé. O trang thdi ban dau tat ca cic van déu déng.

Ban dugc cho mét s6 yéu cau, trong d6 mdi yéu cau c6 2 dang:

Dang X Y 1 ¢6 ¥ nghia 12 ban can mé van ndi giita 2 thing X va Y.

Dang X Y 2 ¢6 ¥ nghia 12 ban can cho biét v6i trang théi céc van dang mé / khéa nhu hién tai thi 2
thung X va Y c6 thudc cung mot nhdm binh thong nhau hay khong? Hai thung dugc coi 1a thude
cliing mot nhém binh théng nhau néu nude tir binh naycé thé chay dén duoc binh kia qua mot s6
6ng c6 van dang mé.

Input

Dong dau tién ghi mot s nguyén duong P 12 s6 yéu cau.

Trong P dong tiép theo, mdi dong ghi ba s nguyén dwong X, Y, Z v6i ¥ nghia c6 yéu cau loai Z
v6i 2 thuing X va'y.

Output

V6i mdi yéu cau dang X Y 2 (v6i Z = 2) ban can ghi ra s6 0 hodc 1 trén 1 dong try thudc 2 thing X
va'Y khong thudc hodc thugc cing mot nhém binh.

Example

Input:
9
122
121
372
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231
132
242
141
342
172

Output:

O = O = OO

Gidi han
e 1 <N <10000
e 1 <P <50000

Goi y : Day 1a bai tip co ban - tng dung thuat toan KRUSKAL . Néu 2 binh ciing thudc 1 nhém

Binh Thi ching s& ciing thudc 1 gdc cay.

Bai Toan : NKRACING < https://vn.spoi.pl/problems/NKRACING/>

Singapore s& t chirc mot cudc dua xe Cong Thirc 1 vao nam 2008. Trude khi cudc dua dién ra, da
xudt hién mdot ) cudc dua vé dém trai luat. Chinh quyén mudn thiét ké mot hé théng kiém sodt
giao thong dé bit giir cdc tay dua pham luat. Hé thong bao gom mot sd camera dit trén cic tuyén
duong khéc nhau. Pé dam béo tinh hiéu qua cho h¢ théng, can ¢6 it nhét mét camera doc theo mdi

vong dua.
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Heé thong dudng & Singapore c6 thé duge md ta boi mot diy cdc niit giao thong va cic duong ndi
hai chiéu (xem hinh v&). Mot vong dua bao gdm mdt niit giao théng xudt phat, tiép theo 1a duong
di bao gdm it nhat 3 tuyén dudng va cudi ciing quay tré lai diém xuét phat. Trong mot vong dua,
mdi tuyén dudng chi dwoc di qua ding mot 1an, theo ding mot hudng.

Chi phi dé dit camera phuy thudc vao tuyén duong duge chon. Céc s nho trong hinh v& cho biét chi
phi dé dit camera 1én céc tuyén duong. Cac s6 16n xdc dinh cdc niit giao théng. Camera duoc dat
trén cdc tuyén duong chir khong phai tai cdc nit giao thong. Ban can chon mét sb tuyén duong sao
cho chi phi ldp dat 1a thip nhat dong thoi van dam bao c6 it nhit mot camera doc theo mdi vong
dua. Viét chuong trinh tim céch dat cic camera theo ddi giao thong sao cho tong chi phi lap dat 1a

thap nhat.
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S 3

Dir liéu
o Dong dau tién chira 2 s6 nguyén n, m ( 1 <n < 10000, 1 <m < 100000) 1a s niit giao thong va s6
duong ndi. Cdc niit giao théng dugc danh s tir 1 dén n.

o m dong tiép theo mé ta cic dudng nbi, mdi dong bao gdm 3 s6 nguyén duong cho biét hai dau
miit cta tuyén dudng va chi phi lip dit camera. Chi phi lap dat thuoc pham vi [1, 1000].
Két qiia
Inra 1 s nguyén duy nhét 1a tong chi phi lap dt that nhat tim duoc.

Vi du
Dir li¢u:
67

125
233

145
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454
564
633

523

Két qua

6

Goi y: Ta S€ Tim cay khung 16n nhét ctia do thi (thuat toan tuong ty thudt toan tim cay khung nho
nhét nhung sort cidc canh nguoc lai),

téng trong sb ctia céc canh khong thude ciy khung 16n nhat s& 1a két qua bai toén.

V6i dit liéu dé bai , thuat todn dé tim ciy khung 16n nhat s& 1a kruskal.

Bai 3 So P6 Mang Pién

Mot cong ty an thay thé toan bd hé thong ddy dién méc ndi tiép gitra N phong lam viéc.Cho biét so
dd Mang luéi dién hién c6 cia N can phong dugc biéu dién béi ma tran A[i,j] trong d6 A[i,j] chinh
12 d6 dai day dién ndi giita hau cin phong i,j.Néu ko c6 ddy dién thi giita 2 phong (i,j) thi A[i,j] =0
va a[j,i]=0. Hién tai N phong déu c6 day dién ndi d¢én hé thong nhung hé thong dudng day nay qud
nhiéu. Hay tinh
tong do6 dai it nhat ciia day dan can str dung sao cho ca N phong déu c6 dién.
Dt liéu vao cho trong file SD.INP

+ dong dau tién 12 s6 N

+ N dong sau md td ma tran A(n,n) , moi dong n s6 cach nhau 1 diu céch.

Két qua ghi ra file SD.OUT
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+ dong dau 12 tong d6 dai cic duong ddy can ding
+cdc dong sau mdi dong 2 s6 ui vi thé hién c6 day dién ndi 2 phong ui va vi (i=1,2...)
Vidu

SD.INP

4

0342

3032

4301

2210

SD.OUT

5

34

14

24

Thuat todn : X4y dyung cy khung nho nhat .

Bai toan NKCITY http://vn.spoj.pl/problems/NKCITY/

Nudc Anpha dang 1ap ké hoach xdy dung mot thanh phd méi va hién dai. Theo ké hoach, thanh
phd s& c6 N vi tri quan trong, dugc goi 1a N trong diém va céc trong diém nay dugc danh sb tir 1
t6i N. BO giao thong da 1ap ra mot danh sdch M tuyén dudng hai chiéu cé thé xay dung duoc giira
hai trong diém nao d6. Mdi tuyén dudng c6 mot thoi gian hoan thanh khdc nhau.

Céc tuyén duong phai dugc xay dung sao cho N trong diém lién thong véi nhau. N6i cach khic,
giita hai trong diém bat ky can phai di chuyén dugc dén nhau qua mét sé tuyén duong. Bo giao
thong s& chon ra mét sb tuyén dudng tir trong danh sich ban dau dé dua vao xay dyung sao cho

diéu kién nay duoc thoa man.Do nhan dugc dau tu rat Ién tir chinh phi, b giao thong sé& thué hin
mot doi thi cong riéng cho mdi tuyén dudng can xdy dung. Do d6, thoi gian dé hoan thanh toan
bo céc tuyén dudng cin xdy dung s& bang thoi gian lau nhét hoan thanh mét tuyén dudng nao dé
Yéu cau: Gitip bo giao thong tinh thoi gian hoan thanh céc tuyén duong sdm nhat théa man yéu cau
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da néu.

Dir liéu

Dong chita s6 N va M (1 <N < 1000; 1 <M < 10000).

M tiép theo, mdi dong chira ba s6 nguyén u, v va t cho biét c6 thé xay dyng tuyén dudng ndi giita
trong diém u va trong diém v trong thoi gian t. Khong c6 hai tuyén duong nao ndi ciing mot cip
trong diém.

Két qua

Mot s6 nguyén duy nhat 12 thoi gian sém nhat hoan thanh cic tuyén dudng théa mén yéu cau da

neu.

Vidu
Dir li¢u
57
122
151
251
143
132
532
344

Két qua

3

Goi y : X4y dung cdy khung theo thuat toan KRUSKAL , sort céc canh theo thir ty tir bé dén 16n ,
cho dén khi nap dit N thanh phd vao cdy khung Thi két qua 1a canh 16n nhét trong cdch canh trong
cay khung vira tim dugc (n6i cich khdc d6 1a canh cubi ciing dugc két nap vao Cay khung tr khi

tat ca N thanh phd duoc nap vao cdy khung).
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Chii Pé : Tim Kiém Nhj Phan va Ung dung

Trong thyc té , ta thuong gip dang bai todn tim thoi diém két thic som nhat (hay mudn nhat) cia
mot cdng viée , hay tim chi phi bé nhat (hay 16n nhat) ,... véi céc yéu cau rang budc trong dé bai.
Khi d6 ta c6 1 thuat toan rat hiéu qua , d6 1a chét nhi phan . N6 dugc md ta nhu sau.
Yéu cau : Can tim gid tri V théa méan yéu cau dé bai.
Thuét todn dugc mo ta nhu sau : { Vi du sau md ta viéc tim V sao cho V min}
Dau := 0; cuoi := Vc¢;
While dau <> cuoi do
Begin
Mid := (dau+ cuoi) div 2; {chat nhi phan}
If Kiemtra(mid) {neu mid thoa man} then dau:= mid+1 else cuoi:=mid;

End;

Bai toan : LIS (uttp://vn.spoj.pl/problems/LIS/)

Cho mét day gom N s6 nguyén (1 < N < 30000). Hay tim day con ting dai nhét trong day d6. In ra
sO luwong phan tir ciia day con. Céc s6 trong pham vi longint.
Input
e Dong dau tién gdm sé nguyén N.
e Dong thtr hai gdm N s6 mo ta day.
Output
Gom mot s6 nguyén duy nhét 1a dap s ctia bai toan

Example

Input:
5
21435

Output:
3
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Goi ¥ : Goi k 1a d6 dai cyc dai cia ddy con ting va ky hiéu H[1..k] 1a ddy c6 y nghia sau : H[i] 1a s6
hang nho nhat trong cic s6 hang cudi cling ciia cdc day con ting c6 d6 dai i. Puong nhién H[1] <
h[2] <.. < h[k]. M&i khi xét them mot gid tri méi trong ddy A thi cdc gid tri trong day H va gid tri k
ciing tuong tng thay doi.

Res:=1; H[1]:=1;
For i:=2 ton do
Begin
If A[i] < a[h[1]] then h[1]:=i
else if a[i] > a[h[res]] then
Begin
Inc(Res); H[res]:=i;
End
else
Begin
d:=1; c:=Res;
While d<>c do
begin
mid:=(d+c+1) div 2;
If A[i] > a[h[mid]] then d:=mid else c:=mid-1;
End;
Mid:=(d+c) div 2;
If (A[h[mid]] < a[i]) and (a[i]<a[h[mid+1]]) then

h[mid+1]:=i;
End;
End;
WRiteln(fo,Res);

Bai toan : ASSIGN1 (uttps://vn.spoi.pl/problems/ASSIGN1/)

C6 n nguoi, n viée (1 < n <200). Nguoi thr i thuc hién cong viéc j mét Cli,j] don vi thoi
gian. Gia sir tat ca bat dau vao thoi diém 0, hiy tim cdch bé tri mdi cong viéc cho mdi
ngudi sao cho thdi diém hoan thanh coéng viée 1a sém nhit c6 thé.

Input

- Dong dau: N i
- Tiép theo la ma tran C[i,j]. (thudc ki€u Integer)
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Output
- Ghi thoi diém sém nhét hoan thanh.

Example

Input:

4
1010102
1010310
4101010
1051010
Output:

5

Goi ¥ : Chit nhij phén thoi dém két thiic sém nhat . voi mdi gia tri dang xét , kiém tra xem liéu c6

ton tai Mot cach ghép N thg véi N viée hay ko.(Str dung kién thirc ap ghép)

Bai toan : YUGI(https://vn.spoi.pl/problems/YUGI/)

Céc ban da doc bg truyén tranh Nhat Ban Yugi-oh chéc han ai cling cuc ki yéu thich tro choi bai
Magic. B6 bai va chién thuat choi quyét dinh dén sy thing thua ctia d6i thi(ma sy thing thua thi
con lién quan dén ca tinh mang >_<). Vi thé tim quan trong ctia bo bai 1a rat 16n. Mot bo bai tbt
khong chi bao gdm céc quén bai manh ma con phy thudc vao sy hd tro tuong téc giita cdc quan
bai. B6 bai ctia Yugi 1a mot bd bai ¢6 su bd sung, hd trg cho nhau rat tét, didu nay 12 1 trong cic
nguyén nhan khién Kaiba luon 1aké chién bai.
Tinh co Kaiba da tim dugc 1 quén bai ma thuat ma chuc nang cua né 1a chia b bai hién c6 cta dbi
thi ra 1am K phan, mdi phan c6 it nhit 1 quan bai (diéu nay lam giam sitc manh cua ddi tha).
Kaiba quyét dinh 4p dung chién thuat nay v6i Yugi. Hién tai Yugi c6 trong tay N quén bai, 2 quan
bai i, j c6 strc manh tuong tic a(i,j) (a(i,j) = a(j,i)). Kaiba mudn chia cdc quén bai thanh K ph?m
theo quy tic sau:

e Giasu K ph?ln la P1, P2, ..., Pk thi 0 giam stc manh gitia 2 ph?ln u,v la b(u,v) = min(a(i,j) voii
thudc Pu, j thudc Pv).

¢ PJ gidm strc manh cua bd bai 1a S = min(b(u,v) v6i 1 <u, v <K).

Kaiba muén chia K phan sao cho S 16n nhat
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Input
o Dong dau 12 2 s6 N,K(2 < K <N < 200)
o N dong tiép theo mdi dong 1a N s a(i,j) (a(i,j) < 32767; néu i = j thi a(i,j) = 0)
Output
Gom 1 dong duy nhét 1a S 16n nhét

Example

Input:
43
0123
1023
2203
3330
Output:
2
Goi y : Chit nhi phan , v6i mdi gia tri V(strc manh) dang xét , nhém tat ca cac quéan bai (i,j) thanh 1
nhém néu
+1#j.
+ a[i,j] <= V.
Dé phan nhém c6 thé sir dung BFS.

Kiém tra xem liéu s6 nhém can thiét dé c6 gia tri V 12 bao nhiéu ? Nhé hon K hay 16n hon K , tir d6

giam dan khoang can xét .

bﬁ\li toén . MTWALK(https://vn.spoi.pl/problems/MTWALK)

Cho mot ban dd kich thuéc NxN (2 <= N <= 100), mdi 6 mang gia tri 1a do cao cta 6 d6 (0 <= do
cao <= 110). Bac John va bo Bessie dang ¢ 6 trén trdi (dong 1, cft 1) va mudn di dén cabin (dong
N, cot N). Ho c6 thé di sang phai, tréi, 1én trén va xudng dudi nhung khong thé di theo dudng
chéo. Hay gitip bac John va bo Bessie tim duong di sao cho chénh léch giita diém cao nhat va thap

nhét trén duong di 12 nho nhét.
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Dir liéu

eDong 1: N

e Dong 2..N+1: M&i dong chira N s nguyén, mdi s6 cho biét cao d6 ciza mot .
Két qua
Mot s6 nguyén 1a chénh léch cao d6 nho nhat.

Vidu
Dir liéu
5
11368
12255
44033
80234
43021

Két qua

2

Goi y : Ta c¢6 nhan xét cac gia tri do cao niam trong khoang [1,110], vi thé ta c6 thuét todn chit nhi
phan nhu sau :

Gia su ta dang xét gid tri V ( Chénh léch chiéu cao)

- Vi chénh 1éch tdi wu dang xét 12 V , suy ra néu gid tri chié cao nho nhat trong duong di tim

dugc 1a Min , thi gid tri chiéu cao 16n nhat phai nho hon hodc bing Max = Min + V.

- Do chiéu cao cdc 6 <=110, nén viéc thir 1an lugt cic gid tri dudi (gid tri Min) c6 thé chay trong

thoi gian cho phép .

Vi mdi gid tri V , ta loang tim 1 duong di thoa man 2 diéu kién trén. Do phirc tap M log M * NA2
(Mla gia tri)
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VAN PE : XEP LICH CONG VIEC

Bai todn xép lich cong viéc 1a mot trong nhitng bai toan phd bién nhét trong thuc té : xép lich thi
dau, xép lich thi cong cong trinh xép lich stra chita may, xép lich hoc tap...

Yéu cau chit yéu ctia bai todn 1ap lich 12 tim ra phuong dn t6i vu nhét phit hop véi dit liéu trong
thoi gian cho phép.Céc phuong phép chi yéu dé giai quyét bai todn 1ap lich chi yéu 1a : sip xép
topo, thuat toan Johnson, phwong phép heuritic,duyét c6 dat can , ghi hoach dong ,sir dung ludng
va d6 thi hai phia ..

Chiing ta s& d& cap dén ting thuat todn qua cdc bai toan dudi day.

Phuwong phap 1: Duyét c6 dat can

Viéc quan trong nhat trong phwong phép nay chinh 1a tim can. Viéc tim can hop 1i v6i thoi gian
cho phép ta c6 thé tim duoc két qua twong ddi ti wu.

Dic diém cta phuong phap nay 1a thuong sap xép dir lidu theo mot khéa nao d6 dé thuat lgi cho
viéc duyét tim két qua.

Bai toan 1: Cho n cong viéc , véi mdi cong viée cho biét sb tidn thu Ci dugc khi

hoan thanh , thoi gian Ti thyc hién cong viéc, thoi diém Ri toi da dé két thiic. Hay xép lich thuc
hién cong viéc t61 wu.
Dir Liéu: XLO1.INP :
- Dong dau la sé n

- N dong sau 1a 3 s6 nguyén Ti , Ri, Ci.

Két qua : XLO1OUT :
141




Mot so van De Pang chi y trong mén tin hgc

- Dong dau 1a téng s6 tién thu dugc.
- Céc dong sau gom 4 s0 : so hiu , thoi diem bat dau ,thoi diém ket thuc , gia tri cong viéc.
- Vidu:

XLO1.INP XLO01.0UT

10 329

149 50125

5 886 11289

41183 326283

57 84 6 69 61

1225 109 14
71

311 61

6 1133

4 728

3101

514 71

Huéng din :

Sép xép cdc cong viée theo thir ty ting ctia thoi diém két thc.

Chting ta s& duyét v6i can : Tong tién da thu duogc khi thyuc hién thém cong viéc thi k + tdng tién
céc cong viée con lai > két qua toi wu di c6 .

Xay dung mot stack gdom 4 trudng: sb hiéu céng viéc tai dinh, thoi gian bat dau,két thiic, tién cong.
Néu tong tién > két qua t&i wu thi cap nhat.

Gia su thuc hién cong viéc thu k : nap k vao stack,ta tinh s6 tién cua cic cdng viéc con lai = (tong
s0 tién cac cong viéc chua thyc hién — s0 tién cua cac cong viéc khdng thé thuc hién dugc néu thuc
hién cong viéc k).

Néu tong tién + tién con lai > két qua tdi wu thi duyét tiép ngugc lai g k ra khoi stack va stra lai
gia tri tién con lai .
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K&t qua cua bai toan 14 cdc gia tri con lai trong stack.

Bai toan 2: csN cong viéc , moi cong viéc thyc hién trén mot trong 2 mdy A hoac B. Thoi
gian thuc hién trén may A la A[i],trén may B la B[i]. Hay thuc hién hoan tat cdc cong viéc sao cho
thoi gian hoan thanh 13 sém nhat.

Dit Liéu: XL02.INP

- Dong dau 1a s6 N. ,
- N dong sau la moi dong 1a 2 so ali],b[i].

Két qua: XL02.0UT

- Dong dau 1a thoi gian hoan thanh cong viéc
- Dong thtr 2 1a cac cong viéc hoan thanh trén may A
- Dong thtr 3 1a cac cong viéc hoan thanh trén may B

Huéng din :

Xay dung mang mot chiéu rest[i]= téng(min(a[k],b[k]) véi k=i+1..n voi y nghia rest[i] 1a thoi
gian it nhét can c6 dé thyc hién céc cong viéc con lai 12 i+1..n.

Gia stir da 1am xong cdng viéc k, thoi dd 1am trén may A 1a sumA, thoi gian da 1am trén may B 1a
sumB thi diéu kién dé c6 thé chon cong viéc k 1a :

(sumA+sumB+res[k+1])/2<lsum véi Isum 1a két qua tdi wu da c6.

Ching minh: Goi thoi gian dé 1am hét cdc cong viéc con lai la T thi T>=res[k+1],thoi gian con lam
trén may A 12 TA, thoi gian con 1am trén mdy B ka TB thi T=TA+TB.Hai lan thoi gian thyc hién
céc cong viéc la :

sumA+sumB+tA+tB=sumA+sumB+T>=sumA-+sumB+res[k+1] => dpcm.

Bai todn 3: Cho n cong viéc can duoc 1am trén M may. Thoi gian hoan thanh cong viéci 1a
t[i].Moi cong viéc phai thyc hién lién tuc trén mot mdy. Mbi mdy J khong thé hoat dong lién tuc
qud Q[j] gid (1<=j<=M),néu mudn mdy j hoat dong tr& lai thi phai cho né nghi R[j] gio. Tim thoi
gian nho nhit hoan thanh N cong viéc trén M may.

Dir li¢u: XLO03.INP gom :

- Dong dau 12 2 s6 NM (N<15;M<10);
- Dong thtr 2 1a N s6 T[i] (0<T[i]<=10);
- Dong tht 3 1a M sb Q[i] (0<Q[j]1<24);
- Dong thtr 4 1a M sé R[i] (0<R[i]<=6);
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Két qua: XL03.0UT:

- Dong thtr nhit 1a Tmin thoi gian hoan thanh N cong viéc.
- M dong sau moi dong j gdm cic nhom c6 3 so: s0 hi€u cong viée,thoi gian bat dau ,thoi gian ket thic

tuong ung la lich lam viéc cua mdy j.

Vi du:
XLO3.INP XL03.0UT
10 3 14
1234 80465
5434 941014
53
10 0 37
438 4738
11 2 12
112 14
10191
6 5813

Huéng dan:

Duyét theo cong viéc. Tao mot phuong dn don gian ban dau voi thoi gian thyuc hién xong N cong
viéc 1a Itg dé 1am can ngay khi duyét phuong 4n tiép theo . Khi xay dung mét phuong 4n néu da
duyét xong k-1 cong viéce ,tiép tuc chon mot may 1am cong viée thir k ma thy thoi gian dé lam cac
cong viéc 1a tir 1 dén k 12 tg >ltg thi khong thuc hién tiép phuong dn nay nita. Didu kién dé chon
mdy j nhan cong viéc k 1 : thoi gidn 1am cong viéc k phai khong vuot qud thoi cho phép lam lién
tuc ctia mdy j wu tién chon nhitng mdy I nao vira thyc hién xong sém nhét cong viéc nay trude k
mit khdc may I phai 12 mdy thuc hién cong viéc k t6t nhat ( khéng cé may nao thuc hién xong cong
viéc k sém hon né). Dé dam bao thoi gian chay can dit can thoi gian.

Bai toan 4: 6 M mon hoc duge dénh s tir 1..M va N khéa hoc dénh s6 1..N. M3i khéa hoc
dap tng 1 s6 mon hoc. Dé tot nghiép hoc sinh cin hoan thanh tit ca cdc mén hoc. Hay gitp chon ra
1 s6 it nhat cdc khéa hoc dé tot nghiép.

Dir liéu: XLO4.INP :

- Dong dau 1a 2 s6 N,M (M.N<200);

- Trong N dong sau mdi dong gdm M s6 : s6 0 néu khéa hoc j khong dap g dugc mon hoc 1,1 néu

nguoc lai.
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Két qua: XL04.0UT :

- Dong dau 1a s6 khéa hoc
- Dong sau la s0 hiéu cac khéa hoc.

Vi Du:

XLO04.INP XL04.0UT

43 2

001 23

100

011

100

Huéng din:

Can: s6 khéa hoc duoc chon < s6 khéa hoc t61 wu
Néu di ddp tmg di M mon hoc thi cap nhat két qua.

Duyét céc khéa hoc voi d6 sau phit hgp: mdi 1an duyét ta chi dé cir mot s6 khéa 6 nhiéu mon hoc
dugc théa man nhét tirc 1a mdi lan duyét ta sdp xép giam cic khéa hoc theo sb lwong céc mon hoc
chua hoan tat ma cdc khéa hoc ¢6 thé ddp tmg duoc. Ngoai ra ta con phai dit can j thoi gian dé
dam bao thoi gian chay.

Bai toan 5: Robot quét voi

C6 9 cin phong dugc danh s6 tir 1 dén 9 di duoc quét voi v6i cdc mau trang xanh va vang.C6 9
robot dwoc ddnh s6 tir 1 dén 9 phu trach quét voi céc phong.Mdi robot chi quét mot s phong nhat
dinh.Viéc quét voi dugc thuc hi€n nho mot chuong trinh cai dat tuan theo cacc qui tic sau :
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- Néu phong danh mau tréng thi quét thanh mau xanh
. Néu phong dang mau xanh thi quét thanh mau vang
. Néu phong dang mau vang thi quét thanh mau tring

Mbi 14n chi duoc phép goi mét robot ra quét voi nhung mdi robot ¢6 thé goi nhidu 1an. Robot dugc
20i s& quét voi tat ca cc phong né dugc phuy trach. Hay tim mot phuong 4n quét vdi sao cho cudi
cling tat ca cdc phong déu mau tring va tong s6 lugt phong phai quét voi 1a it nhat.

Dir liéu : XLOS.INP

- 9 dong dau,dong thir T mo ta danh sdch cdc phong ma robot thir I phai quét voi dudi dang mot xau ki
tu s6 lién nhau.

- Dong cudi ciing 1a 1 xau 9 ki ty mo ta trang thai cua cac phong.Ki ty *V’ tuong tmg véi mau vang,ki
ty “X’ twong Ung v&i mau xanh,ki ty “T° twong Ung v4i mau tréng.

Két qua: XL05.0UT

- Né:u khong c6 phuong dn ghi ra -1. )
- Néu c6 phuong an thi dong dau la thir tu coi cdc robot,dong sau la so lugt phong phai quét voi.
Vi Du:

XLO05.INP XLO05.0UT
159 2455688
123 21

357

147

532
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369

456

789

258

XTVVXVTXT

Huéng din :_
Duyét dé quy theo s lan quét lién tuc cia 1 robot.
Nhan xét:
- mdi robot chi ¢6 thé goi lién tuc 0 dén 2 luot i , ,
- Néeuma héacackity ‘T 1a0,°X’ 1a 1,”V’ 1a 2 .Mau moi phong s€ trd thanh mau trang khi s6 hi¢u

mau hién tai cia né + $6 luot phong dugce quét voi la 1 s6 chia hét cho 3.
Tur d6 c6 thé dé dang gidi quyét dugc bai todn nay.

Bai toan 6:  Xép vali

Cho mot va li ¢é thé chira W don vi trong lugng .C6 N loai dd vat (sé Iuwong khdng han ché ), dd
vat I ¢6 trong lugng A[i] va gié tri C[i].Hoi nén chon sé lugng mdi db vat 1a bao nhiéu dé gid tri thu
duoc 12 16n nhat.

Dit liu: XL06.INP
- Dong thir nhat 12 2 s6 N va W

- N dong tiép theo : Dong i+1 ghi 2 s6 A[i],Cli].

Két qua: XL06.OUT

- Dong thtr nhét 1a tong gid tri cua valy.
- Céac dong tiép theo moi dong 2 s6 : s0 I (s6 hi€u vat dugc chon) va s6 lugng vat i.

Vi du:
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XLO06.INP XL06.OUT
4 100 110

50 50 21

19 20 31

80 90

21 25

Huéng dan :

Xay dung mang r[i]=c[i]/a[i] 1a gia tri trung binh cta mdi don vi khdi lugng cta dd vat thur i.

Sép Xép céc mang al[i],c[i],r[i] theo chiéu tdng cua rfi].

Tién hanh duyét theo ) luong moi dd vat.

Gia sir xét dén dd vat th i khéi lugng vali da xép 1a weight,gid tri hién tai 1a cost. Tinh s6 luong

max s6 do vat tht I ¢6 thé bo vao vali 1a T.
Can: C6 thé cho vao X (0<=X<=T) vat I néu:

Cost+(R[i+1]*(W-(weight+a[i]*x))>Lcost.
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Phwong phiap 2: Duyét két hop heuristic

Trong céc vai to4n 1ap lich xudt hién mot 16p bai todn NP 1a nhiing bai todn khong c6 thuat giai tot
trong thoi gian cho phép. Chinh vi vay van dé dit ra 12 tién gan sat dén két qua toi uu cang gan
cang tdt . Viéc dodn nhén diéu kién thich hop (heuristic) 1a rit quan trong dé dat duoc két qua gé‘in
sat t6i uu.

Céc heuritics thudng 12 sap xép dit liéu theo mot khéa nao d6, voi mdi kiéu sdp xép tién hanh duyét
tham lam dé duoc két qua t6i wu nhit c6 thé

Bai toan 7: Chia N viéc cho M mdy

Cho N cong viéc , cdng viéc I hoan thanh trong thoi gian t[i]. Cac cong viéc dugc thuc hién trén
M mdy cong suat nhu nhau, méi mdy déu cé thé thyc hiénk dugc cong viée bat ki trong N viéc)
mdi cong viéc duoc lam lién tuc trén mot mdy cho dén khi xong .Hay t6 chuc may thyc hién du N
cong viéc sao cho thoi gian hoan thanh cang nhé cang tot.

Dir ligu: XLO7.INP

- Dong dau gdbm 2 s6 nguyén N,M

- Dong tiép theo 1a N s6 T1,T2..Tn

Két qua: X107.0UT :

- Dong dau 12 thoi gian hoan thanh n cong viéc

- M dong sau dong i+1 ghi cdc sé hiéu cong viéc thyc hién trén mdy i
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Vi du:
XLO8.INP XL08.0UT
6 3 8
2581 3
51
2 1 4
56

Huéng dan:

Budc 1: Sap xép cdc cong viéc giam dan theo thoi gian hoan thanh
Budc 2 : Ly M cong viéc dau phan cong cho M mdy, Mdi mdy lam mot viéc
Goi MaxT la thoi diém hoan thanh M cong viéc nay.
Budce 3: Repeat
Repeat
Chon mdy c6 thdi gian 1am nhé hon MaxT, xép thém 1 cong viéc méi cho mdy nay.
Until :Néu cong viéc méi vao thi khong con mdy nao c6 thoi gian du kién nho hon MaxT.
Cap nhat lai gi4 tri MaxT

Until Sép xép hét viéc.

Bai toan 8: Déng g6i

C6 N d6 vat va mot sé géi hang. Mdi dd vat c6 kich ¢& VI[i], céc gbi hang c6 thé géi tdi da mot
kich ¢& To. Hay chon 1 sé it nhat céc géi hang dé déng g6i N do vat trén.

Dir liéu: XLOS.INP.
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- Dong ddu 12 s6 N,VO  (N<=100).
- Dong thir 2 1a N s6 nguyén duong V1,V2..Vn.
Keét qua: XL08.OUT

- Dong dau 1a s0 S s0 gdi hang it nhat can chon
- S dong sau moi dong 1a 1 s6 s0 nguyén chi s6 hi¢u cua do vat xep trong géi i
Vi du:

XL08.INP XL08.0
UT
55 3
3322 13
2
2 4
5

Huéng dan:

Céch 1:
Heuristic 1 : Sap giam theo kich thudc do vat
- Theo thir ty d6 lan luot cho Xép vao gb6i. Mot géi tiép tuc nhan thém dd vat néu téng kich thudc cac
do vat trong né va do vat madi nhén con chua vugt qua Vo
- Néu m¢t may nao d6 khong thé nhan tiep cong viéc thi ting sO may thém 1.
Heuristic 2: Twong tu heuristic 1 nhung mai 1an chon géi con trong nhiéu nhat.Néu khong con goi
nao géi dugc nita thi ting thém 1 géi mai.

Cach 2:
Nhan xét s6 mdy ludn <=s6 dd vat tirc 1a M<=N

Cho nén ta c¢6 thé chat nhi phéan gid tri ciia M.Vi mdi gid tri dang xét ta s& tinh kich thudc 16n
nhit .
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Bai toan 9: 6 N cong viéc can thyc hién trén mot mdy, mdi viéc doi hoi ding 1 gios chay

mdy.V&i moi viée ta bi€t thoi han cudi cung phai ndp va tién thu lao thu dugc néu ndp két qua

ding thoi han.Chi c6 mot may, hay 1ap lich thyc hién mot s6 cong viéc trén mdy sao cho téng )
tién thu duoc 1a 16n nhét ( néu ¢6 hai cach cluing thu s6 tién nhu nhau thi chon céch c6 it thoi gian

hon).Thoi gian va tién thudng 1a cdc s6 nguyén duwong.

Dit liéu: XL09.INP

- Dong dau 12 s6 N < 100
- N dong sau : dong i+1 gébm 2 s0 ,s6 thir nhat la thoi han cudi cling phai ndp,so thr 2 1a tién thu lao

duoc hudng néu nap ding han

Két qua: XL09.0UT

- Dong dau ghi hai s6 : tong tién thudng va thoi gian 1am céc cong viée da chon

- Céc dong sau la thtr ty thyc hién cdc cong viéc

Vi du:

XL09.INP XL09
OUT
10 111
7
4 4
8
51
3
2 21
10
35
7
12 27
9
5 4
2
4 24
5
2 18
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Huéng din:
Budc 1: Sap giam theo tién thuong cong viée

Budc 2 : Lan luot 1iy cdc cong viée di sip xép dua vao truc thoi gian phan bd cong viée theo
cach sau:

- Tir thoi diém két thic mdi cong viée I lui vé 1 don vi thoi gian dugc doan thoi gian thyc hién cong
viéc i.Néu trén truc con tréng doan nay thi xdc nhén doan thoi gian nay dé thyc hién cong viée i.

- Néu doan nay da bd tri cong vigc khdc thi lui n6 vé phia gdc mot va xép vao 1 doan con trong

- Néu khéng c6 doan con trong nao thi bo cong viéc I xép cong viéc khéc

- Cubi cung doi cac doan vé phia goc dé thu duogc thoi gian thyc hién it nhét
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Phuong phap 3: Cac thuat toan riéng

1.Lap lich trén hai may

Bai toan 11: C6 N chi tiét mdy danh s6 tir 1..N.Méi chi tiét can phai gia cong 1an luot trén 2
mdy A va B. Thoi gian thuc hién chi tiét 1 trén may A 1a Afi] trén may B 1a BJ[i]

Xép lich thyc hién gia céng céc chi tiét sao cho thoi gian hoan thanh 13 sém nhat.

Dirliéu: XLO7.INP :

- Dong dau 1a s6 N ( N<=10000).
- Dong thir 2 gom n s6 Ali]
- Dong thtr 3 gdm n s6 B[]

Két qua: XL07.0UT :

- Dong dau s6 S thoi diém sém nhat hoan thanh cong viéc
- Dong thtr 2 ghi tht ty thuc hién cong viéc.

Vi du:

XL11.INP XL11.0UT

4 26

33 1425
3

4 3

6 2

57

6 3
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a) Dinh Ii Johnson (1954)

Phuong 4n V={v[1],v[2]...,v[N]} lan lugt thuc hién céc chi tiét v[1],v[2]...,v[N] v6i thoi gian
nhé nhét khi va chi khi Min(A, ,Bv[k+1])<=Min(B,Ayx+17) k=1,2..N-1,

Tu dinh 1i trén c6 thé chirng minh sy diing dén cua thuat toan sau:
b) Thuét toan :
+ Budc 1 : Chia cdc chi tiét thanh 2 nhém :
Nhém 1 : Gom cdc chi tiét ma Ai<=B;
Nhém 2 : Gém céc chi tiét ma A>B;
+ Budc 2 : Xép nhém 1 theo chidu tang ciia Ai,xép nhém 2 theo chiéu giam cia Bi.

+ Budc 3 : N6i nhom 2 vao sau nhém 1.

Bai toan 12: Lap lich trén 3 may .
Xét bai todn gia cong N chi tiét trén 3 mdy theo thir tw A,B,C véi bang thoi gian

A;,B;,C;,i=1,2,..n thoa man:
max B; < min A; hoac max B; < min C;

Huéng din:

Lich gia cong tdi vu trén 3 méy s& tring véi lich gia cong tdi wu trén 2 may: mdy thir nhat voi thoi
gian A; + B; va mdy thtr hai véi thoi gian B, + C ;.

2. Thuat toan More

Bai todn 13: Lép lich giam thiéu tré han

C6 n cong viéc danh s6 tir 1 dén n va mot mdy deé thuc hién ching. Biét:

-pi 1a thoi gian can thiét d& hoan thanh cong viéc i.
155




Mot so van De Pang chi y trong mén tin hgc

e d; 1a thoi han hoan thanh cong viée 1.
My bit ddu hoat dong tir thoi diém 0. MJi cong viée can dugc thyc hién lién tuc tir lic bat dau cho
t6i khi ket thic, khong cho phép ngat quang. Gia st ¢; 1a thoi diém hoan thanh cong viée i. Khi do,
néu ¢; > d; ta néi cdng viéc i bi hoan thanh tré han, con néu c; < d; thi ta néi cong viéc i dugc hoan
thanh diing han.
Yéu cau: Tim trinh tu thuc hién cic cong viéc sao cho $6 cong viéc hoan thanh tré han 12 it nhét.
Dir liéu

e Dong dau tién chira sb nguyén dwong n (0 < n < 1000).

e Dong thit hai chira n s6 nguyén duong py, pa, ..., pa (0 < p; < 1000).

o Dong thir ba chira n s6 nguyén dwong dy, d,, ..., d, (0 < d; < 1000).
Két qua

e Dong déu tién ghi ) lugng cong viéc bi hoan thanh tré han theo trinh ty tim duoc.

e Dong tiép theo ghi n s6 nguyén duong 12 chi s6 ciia cdc cong viéc theo trinh ty thyuc hién tim dugc.

Vidu
Dir liéu
6

241231
356678

Két qua
2
134625

Thuat toan : More

Budc 1: Sap xép theo thir ty ting dan ciia thoi diém ban giao

Budc 2 :Duyét tir dau cho dén khi gip cong viéc qua han dau tién (Gia sur 1a cong viée thi k)

Tim tir ddu cho dén cong viéc thir k, cong viéc nao c6 t; 16n nhat (Gia s d6 12 cong viée thir m).
Néu cong viéc nay da dugc chuyén mot 1an roi thi dimg chuong trinh, con néu khong thi ta chuyén
cong viéc nay xudng cudi. Roi trd lai bude 2.
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3.Lap lich cé thwéng phat

Bai toan 14:Cs N cong viéc danh sb tir 1 dén N can bé trf thuc hién trén mot mdy. Biét:

- Pi la thoi gian can thiét d€ lam cong viéc i

- Di la thoi diém cudi cung phai hoan thanh cong viéc i.

- Hi 12 hé s6 thudng phat ciia cong viéc i.

Mbi cong viée can dugc thyuc hién lién tuc tir lic bit diu dén khi két thic, khong cho phép ngit
quéng . Thoi gian chuyén tir cong viée nay sang cong viéc khéc 12 khong dang ké .Gia sy Ti 1a thoi
diém hoan thanh cong viéc I, khi d6 gid tri thuong phat ciia cong viée I1a H(D;-T;).Biét thoi diém
6 thé thuc hién cong viéc 1a 0, hay tim trinh tu thuc hién N cdng viéc sao cho téng gia tri thudng

phat cua cac cong viéc 1a 16n nhat.

Dir ligu: XL14.INP
- Dong dau ghi s6 nguyén duong N (N<100001).

- Dong thtr hai ghi N s6 nguyén duong Py,P,,...,Py,

- Dong thir ba ghi N $6 nguyén duong D;,D,,...,.Dy.

- Dong thir tu ghi N $b nguyén duong H;,H,,...,Hy.

Két qua: XL14.0UT

- Dong dau 1a sb gid tri thuong phat tim duoc.

- Dong thtr hai ghi N s6 nguyén duong 12 trinh ty thuc hién cong viéc.

XL11.INP XL11.0UT
A 17
1234 1234
3213

1212
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XL11.INP XL11.0UT
5 6
223 25314
4 3
3210
11 9
122
3

Hudéng dan: Goi V[1],V[2]...V[N] la thr thuc hién céc cong viéc.Goi gid tri thyc hién thudng phat
clia cong viéc V[i] 1a Q) va gia sir cong viée V[k-1] két thiic tai thoi diém t thi tong gid tri thuong
phatla:

i-1 N
S1=3" Quuag+Hyi(Dyii-t-Puip) +Hy e 11(Dgie 11-t-Pogie 1P +2- Qui.
K=1 k=i+2

Khi trdo thi ty hai cong viéc V[i] va V[i+1] thi tong gi4 tri thuong phat ctia N cong viéc 1a :

i-1 N
S1=3" Quuag+Hygie1)(Dygic1-t-Pygis ) +Hy iy Dy t-Pogie 11-Pui) +2- Qv

K=1 k=i+2

Do d6 dé S1>S2 thi Hyjie1Pyy<HyiPyiici; © Hygie/Pogist<Hyi/Pugi,

Ap dung nhén xét trén, béng cdch xét lan lugt cac cong viéc & vi tri I trong day (i=1,2,...N-1) lan
luot so sanh voi cic cong viée & vi trf j (j=i+1,i+2,..,N) s& dan dén két luan:

Diay V[1],V[2],...,V[N] tot nhit & Hyji1/Pyjict<Hypi/Pygi

Thuat todn : sdp xép céc cong viéc theo gid tri ting clia H,i/Pyp; thi ddy céc cong viéc sau khi sap
xép 1a day két qua t6i uu tir d6 ta c6 thé tinh duogc tong sb tién thuong phat.
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Phuong phap 4: Qui hoach dong

Phuong phédp qui hoach dong thudong dp dung cho nhitng bai todn c6 dit liu vira phai, va thuong
tim duoc két qua ti wu trong thoi gian chay ngan.

Tuy nhién day 12 mot phuwong phap khé, viéc tim cong thirc quy hoach dong khong dé chiit
na0.Chinh vi vay khi lam bai thi néu khong tim dwgc cong thirc quy hoach dong thi nén chuyén
sang hudng dé quy hodc tham lam.

Bai toan 15: Sau khi thanh cong v6i phi vu xuat khau bd sita Famer John d 6 dugc mot sb
tién rat 16n va ong quyét dinh xay nha.Bo khung ctia ngdi nha da duoc hoan thanh , d6 1a mot bo
khung c6 kiéu déng rat dep.Farmer John quyét dinh trang tri n6 thanh ngoi nha dep nhét trong
lang.Dé trang tri dwoc can trai qua N cong doan,hoan thanh cong doan I can phai tra cho thg P; tién.

Ngoai ra néu céng doan j da hoan thanh trude cong doan I thi mudn thg hoan thanh cong viée I thi
can tén Sii tién nira (dé dam bao khi thyc hién cong doan I thg khong phd v& hodc 1am hong cong
doan .Vi du khi trang tri noi that ,néu trong nha chua lap cua kinh chi phai tra tién son tudng 1a 10
triéu dong,nhung khi da son tuong cn phai trd thém 2 triéu dong nita).La mot con nguoi ludn quy
trong dong tién minh 1am ra Farmer John khong mudn lang phi mot cach sai 1am. Vi vay ong da
tim dén ban dé nghi lap ké hoach trang tri sao cho s tién phai trd [a it nhat.La mot 18p trinh vién
khong ngai khé khin hiy viét chuong trinh tinh sb tién it nhat FJ phai tra.

Dir Liéu : X115.INP

Dong déurlé 5O nguyén duong N (0<N<16). ) ) )
N dong tiép theo moi dong chira ding N s0 nguyén : s6 nguyén tha I 1a gia tri goc cua viée 1,50
nguyén thir j (j<>i) 12 s6 tién Sij phai tra thém cho cong viéc i.

Céc gia tri nguyén khong amm <1076.

Két qua: XL15.0UT
mdt s6 duy nhét 1a gid tri nho nhat tim duoc.

Vi du:

XL15.INP XL15.0UT
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2 30

1010

9000 10

XL15.INP XL15.0UT

3 47

14 23 0

5 140

1000
9500 14

Huéng dan:

Goi H 1a tap hop céc cong viéc da 1am .C[H] 1a chi phi nh6 nhét d¢ hoan thanh H.Do s cdc tap con
ctia tap N cong viéc 1a 2AN,N<15 nén c6 thé diing mot s6 nguyén 2 byte dé dai dién cho mot tap
con. Trong s& nguyén nay ,bit thir I ciia né bang 1 nghia 1a cong viéc I da hoan thanh ,ngugc lai bit
thir i=0 nghia 14 chua hoan thanh.Ta c6 thé dong nhat ki hiéu h 1a s6 nguyén tuwong (mg véi tap H
noi trén .

Thuc hién QHP theo sb h ting dan tir 1 dén 2/N -1:

- Khoi tri C[h]=0 v6i moi h=0..2AN-1.Riéng C[2""]=s[i,i] vi tdp cong viéc H tuong ting véi h=2"
chi ¢6 mot cong viéc duy nhat 12 i.

- Gia sir dd xét dén s6 h , 1an luot xét cdc bit I1a bit 1 tir phai qua trdi: Néu bo bit I trong s6 h ( cho
bit i=0) ta duoc sb k thi :

Cl[h]=Min{C[k]+s[i,i]+s[j,1] jla ) hi¢u céc bit 1 trong ) k}

Tir d6 ta s& c6 duge két qua.
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Bai todn 16: HOi truong

Nha truong c6 mot phong héi truong. C6 nhiing yéu cu mudn sur dung phong hoi truong nay, mdi
yéu cau cho biét thoi diém bét dau va thoi diém két thiic. Nha truong c6 thé chap nhan hoic tir chdi
d6i v6i mot yéu cau.

Yéu cau: hdy gidp nha truong chon cic yéu cau sir dung hdi truong sao cho tong thoi gian
hoéi truong dugc sur dung 1a 16n nhat.

Dit lidu
Dong dau tién chira mot s6 nguyén duong n (n < 10000), s6 yéu cau.

Moi dong trong s n d(‘)ng7tié'p theo chira 2 sO nguyén duong p va k (0 < p <k <30000), md ta mot
yéu cau bat dau tai thoi diém p va két thic tai thoi diém k.

Két qua
GOm mot dong duy nhét 1 tong thoi gian 16n nhat ma hoi truong duge sir dung

Vidu

XL16.INP XL16.0UT

12 12

12

35

04

6 8

46

910

912

11 14

1519

14 16

18 20
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Huéng din:
- Sép xép céc cong viéc theo ting dan cua thoi diém két thic.
- Str dung méang T[i] i=0...30001 1a s6 hiéu ciia cong viéc cudi ciing c6 thoi diém két thiic 1a i.

- Str dung méng F[i] i=0...30001 véi y nghia tinh dén thoi diém I mdy da thuc hién duoc F[i]
gio.Ban dau khdi tao bang 0.

- Goi D[i],C[i] 1an luot 12 thoi diém bét dau va két thic ctia cong viée i.
Ta QHD nhu sau:

For i=1...30001 {xét cdc thoi diém)
Begin
F[i]=Max(F[i-1],F[D[k]]+C[k]-D[k]) véi k 1a s6 hiéu cic cong viéc c6 C[k]=i.
End.

F[30001] 1a Kkét qua cua bai todn.

Bai todn 17: Dich bénh 16 mdm long méng dang hoanh hanh vi lo ling dan bd bi bénh nén Farmer
John da ban ré tit ca s6 bd va quyét dinh ddi nghé. Lay toan bo s tién ban bd farmer John mé mot
clia hang cho thué méy cay. Tai thoi diém 0 ,0ng John nhan dugc don dit hang thué sir dung may
cay cta N khdch hang .Céc khach hang dugc danh s6 tir 1 dén N.Khdch hang I can sir dung mdy tir
thoi diém D; dén thoi diém C; (D;,C; 1a cdc s6 nguyén va 0<D;<C;<1079) va s& tra tién sit dung mdy
l1a Py( Pi<1077).Hai don dat hang I va J dugc nhan néu khoang thoi gian dugc nhéin néu thoi gian str
dung khong giao nhau. Vi méi budc vao nghé nén Farmer John khong biét nén nhan nhung don
nao dé thu duoc lgi nhuan 16n nhat,1a mot 14p trinh vién ban hay gitp 6ng éy tinh xem loi nhuan
16n nhét 12 bao nhiéu va danh sch cdc don dat hang duogc nhan.

Dir liéu:
XL17.INP
- Dong dau 1a s6 N (0<N<1000) ,
- Dong thtr i+1 trong N dong sau 1a 3 s6 D;,C;,P;.
Két qua:
XL17.0UT

- Dong dau gdm 2 s6 : s6 don dat hang dugc nhan va tong tién cong thu dugc.
- Dong thir 2 ghi s6 hi¢u cua cdc don dat hang dugc nhan.
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XL17.INP XL17.0UT
3 2 180
150 500 2 3

150

1 200

100

400 800

80

XL17.INP XL17.0UT
4 2 1100
400 821 2 4

800

200 513

500

100 325

200

600 900

600

Huéng din:

- Sép xép céc khoang thoi gian thué sir dung méy theo diém déu ciia nhung khoang nay.

- Goi Nh([i] 12 s tién tdi uu thu duoc khi xét xong cdc cong viée tir 1 dén I ( theo thir tu da sap xép).

- Sau d6 stra nhan tr NHJ[i] dén Nh[n] nhu sau : Gan Nh[i]=P; Dé stra nhan NH][i] , tim cong viéc j c6
nha 16n nhét trong cédc cong viéc tir 1 dén i-1 ma thoi diém hoan thanh cia cong viée j som hon
thoi diém bét dau cta cong viée I, sir dung cong thirc:

Nh[i]=Max(NH[i],Nh[j]+P; , Ci<D;

Dé tim duoc thir ty thyc hién cong viéc thi st dung thém mang trace[i] , gan traceli]=] néu jladon
lam cho Nh[i] max.
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Phwong phap 5: Str dung d6 thi 2 phia va Ludng

beé c6 thé ung dung do thi hai phia va ludng vao bai todn 1ap lich c4c ban can nam viing kién thtrc
va cadch mét sO bai todn co ban sau day:

- Tim cdp ghép c6 luc lugng cuc dai (cdp ghép cod nhiéu canh nhét).
- Tim cd@p ghép c6 trong ) cuc dai, trong s6 cuc tiéu

- Tim Luéng cuc dai trén mang

- Tim 14t cit nho nhét.

Bai todn: €6 N tho va M viéc .Véi mdi tho cho biét danh sdch cdc cong viéc ma anh ta c6 thé
lam dugc.Hay phan M viéc cho N tho sao cho mdi tho chi 1lam mot viéc mdi viéc chi giao cho 1 thg
lam va s6 viéc 1am duoc 12 16n nhat.

Dir li¢u:

- Dong dau 2 s6 N, M ( 0<N,M<101).

- N dong sau mdi dong gdm M s6 0 hodc 1 .Bing 0 néu tho T khong lam dugc viée j , bang 1 néu tho T
c6 thé lam dugc viée J.
Két qua:

- Dong dau 12 s S , s6 cong viéc lon nhét lam duoc.
- S dong sau moi dong gdm 2 s6 I,j biéu dién phan cong viéc j cho thg i.

Vi du:

XI118.INP XL18.0UT
4 4 4
0111 14
0101 22

101 1 31

001 1 43

Huoéng din: Xay dyung db thi 2 phia , mot phia gdm N dinh twong trung cho N tho , mot phia 1a M
dinh tuong trung cho M viéc ,c6 canh ndi i-j néu a[Lj]=1.Bai todn trd thanh tim cap ghép c6 luc
luwong cuc dai.
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Bai to4n : Phan cong hoan thanh sém nhat

C6 n nguoi, n viée (1 <n<200). Nguoi thir i thuc hién cong viec j mét Cli,j] don vi thoi gian. Gia
sir tat ca bat dau vao thoi diém 0, hiy tim cdch bd tri mdi cong viéc cho mdi nguoi sao cho thoi
diém hoan thanh cong viéc 1a sém nhét c6 thé.

Dir liéu: XL19.INP

- Dong dau: N i
- Ti€p theo la ma trén C[i,j]. (thudc ki€u Integer)

Két qua: XL19.0UT

- Ghi thoi diém sém nhét hoan thanh.

XL19.INP XL19.0UT

4 5

1010 10
2

10103
10

4 1010
10

105 10
10

Huéng dan:

- Chit nhi phén thoi diém sém nhit hoan thanh cong viéc goi d6 1a CM.
Left:=1;Right:=Maxint;

Repeat

Cm:=(left+right) div 2.

- Tién hanh tim cdp ghép cuc dai voi diéu kién: canh Ij c¢6 thé ghép vao néu C[I,j]<Cm.

Néu c6 thé tim dugc cip ghép c6 N canh thi gid tri lwu gid tri két qua bang Cm dong thoi giam
Right:=Cm-1 nguoc lai Left:=Cm+1.

Until LeFt>Right.
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Bai toan: cs M sinh vién va N chuyén dé cho cdc sinh vién nay (M,N<100).Cho ma tran

A[1..M,1..N] trong dé A[Lj]=0 néu sinh vién I ¢6 nguyén vong hoc chuyén dé J» AlLj]=2 néu sinh

vién khong c6 nguyén vong hoc chuyén dé.

Cho diy P gom M s6 P; (1<i<M): P, 12 s6 chuyén d¢ sinh vién I can phai hoc.

Hay tim cdc b tri sinh vién hoc dii cdc chuyén dé phit hgp nguyén vong ciia hok dong thdi cic

chuyén dé c6 s lugng sinh vién theo hoc chénh léch nhau cang it cang tot.

Dir Liéu: XL20.INP

- Dong dau ghi hai s6 M,N.

- M dong sau 1a ma trin A (mdi dong ghi N sd).

- Dong cudi cung laM $b P.,Ps....Pu.
Két qua: XL20.0UT

- Dong dau ghi sb sinh vién theo chuyén dé c6 dong sinh vién tham gia nhat.

- M dong tiép theo : Dong thir I (1<i<M) ghi P, s6 1a cdc chuyén dé do lich xép cho sinh vién I theo

hoc.
Vi du:
XL20.INP X1.20.0UT
) 4
20200 567
002

2578
00220
200 78
22000 1235
000 1458
00020 136
022

348
02200
220 3567
00200
000
02000
200
20020
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002

34244
334

Huéng dan:
- Chit nhi phén s6 hoc sinh tham gia chuyén dé dong nhét goi d6 1a k.

- Xét ludng trén dd thi hai phia ( phia trai N dinh: mdi dinh 12 s hiéu ctia sinh vién ,phia phai M
dinh : mdi dinh 1a s6 hiéu nguyén vong),thém 2 dinh T va S .Trong s trén céc cung (t,i) voi
i=1,2,...,N nguyén vong cua sinh vién [.Trong $6 treen cdc cung (§,S) véi j=N+1,N+2,....N+m) déu
bang k.Céc cung (Lj) c6 trong s bang 1 néu a[I,j-N]=0 ,nguoc lai néu a[Lj-N]=2 thi trong s6 cung
bang 0.

Néu thi tim duoc luéng cuc dai thi théa méan .

Luvén tap:

Bai toan 21: ( Dua theo dé thi chon déi tuyén quéc gia nam 1997-1998).

C6 N cong viéc danh diu tir 1..N .MJdi cong viéc I ¢6 thoi gian hoan thanh 1a Ti, thoi diém bt dau
thyc hién 12 12 Bi,thoi diém tdi da phai két thiic 1a Ci.Hay lap lich thuc hién dwoc nhidu cong viée
nhét.

Dir liéu: XL11.INP.
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- Dong dau 1a s N ‘ ,
- N dong sau mdi dong gom 3 s6 Ti,Bi,Ci.

Két qua: XL11.0UT

- Dong dau 1a s6 M s0 cong viéc xép dugc
- M dong sau moi dong gom 3 s0 : s0 hi¢u cong viéc 1a dugc,thoi diem hoan thanh,thoi diém két thuc

Vi du:

XL21.INP XL21.0UT
8 4

2522 47 38712
3 2247 4 16 41
4 8 20 2 41 44
2516 41 5 45 54
9 45 63

24 47 71

16 27 47

24 39 63

Bai toan 22: Lap lich sira chira 6 to

Mot co so stra chita 6 tO ¢6 nhan n chiéc xe dé stra. Do cdc nhan vién 1am viéc qud luoi nhic nén da
dén han tra cho khach hang ma van chua tién hanh sira duoc chiéc xe nao. Theo hop ddng da ky két
tir trudc, néu ban giao xe thir i qua han ngay nao thi s& phai tra thém mot khoan tién phat 1a A[i].
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Ong chil co sé stra chita quyét dinh sa thai toan by cong nhan va thué nhan cong méi. Véi luc
lugng méi nay, ong ta du dinh rang dé stra chiéc xe thir i s& can B[i] ngay. Van dé dit ra d6i voi
ong 1a phai 1ap lich sira tuan ty cdc chiée xe sao cho tong s tién bi phat 12 it nhat.

Yéu cau: Hay l4p lich sira xe gitip cho éng chii co sé sira chira 6 to.
Dir liéu

« Dong 1: Chira s6 n (n < 10000)
* Dong 2: Chtra n sb nguyén duong A[1], A[2], ..., A[n] (1 < A[i] < 10000)
* Dong 3: Chtran $6 nguyén duong B[1], B[2], ..., B[n] (1 <B[i] < 100)

Két qua

« Dong 1: Ghi s tién bi phat tbi thiéu
* Dong 2: Ghi $6 hiéu cac xe sé& tién hanh stra chira, theo tht tu tur xe dugc stra dau tién dén xe sta
sau cling

Vidu
Input:
4
1342

3231

Output:
44

4231

Xong cong viéc 4 vao cubi ngay 1 =>phaitra2 * 1 =2
Xong cong viée 2 vao cubi ngay 3 => phai tra 3 * 3 =9.
Xong cong viéc 3 vao cudi ngay 6 => phai tra 6 * 4 =24 .
Xong cong viée 1 vao cubi ngdy 9 =>phaitra1*9=9.
Vay tong cong phai tra 44 .
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Bai toan 23: Dan bo déng danh

Dai dich 16 mom long méng da qua di Farmer John lai quay lai nghé chin nudi bo sita cho
ong.Lira bo ndy ciia dng c6 kha ning cho sira rat t6t nhung ciing rat dong danh.Ching chi an co &
cénh dong chiing thich va chi cho sita néu dugc 4n ngay tai canh dong d6 (chting khong an c6 khd).

Farmer john c6 N cdnh dong co , hién tai c¢6 k con bd dong danh dang & trén k canh dong. Hay gitip
Farmer John dua k con bd dén céc canh dong ma céc chi bo thich an.

Hién tai Farmer John dang dimg & canh dong thir 0, va dé dwa con bo thtt j dén canh dong I thi
John phai dén canh dong j dén con bo tai d6 roi dwa vé dong co i.Trén dudong Farmer John c6 thé
mang theo nhiéu con bo.

La mot nguoi rat quy trong thoi gian nén Farmer John mudn di that nhanh.

Ban hiy gitip ong 4y tim céch dua céc con bo sao cho ton it thoi gian nhat.

Dir Liéu: XL23.INP

- Dong dau 1a 2 s6 N.K (K<N<1000); ‘

- K dong sau moi dong gom 2 s0 1a vi tri cia con bo dang duing va canh dong c6 ma né yéu thich.
Két qua: XL24.INP

- Dong dau 1a thoi gian ngén nhét can ding.

- Dong thtr 2 gdm k 6 12 thir ty cdc con bd dén canh dong né thich.
Vi du:

XL23.INP XL23.0UT

10 5 12
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Van dé vé xir li s6 nguyén( sé6 nguyén 16n, hAm mod).
T) Xir li s6 nguyén 16m.

Trong tin hoc ¢6 nhiéu liic ching ta phai 1am viéc véi nhitng con s6 16n, thdm chi 1a rat 16n, khi d6
céc kiéu dit liéu chuan ctia ngdn ngit 1ap trinh khong thé biéu dién duoc, budc ta phai tim cdc cich
biéu dién khac. Pé biéu dién 1 s nguyén 16n, céc ban c6 thé diing xau hodc mang, mdi phan tir ciia
xau hodc mang biéu dién 1 chit sé ciia s6 can tim. O day chiing ta s& xét & trén mang. 1 s6 16n dugc
khai bdo = 1 kiéu record nhu sau day.

Type bignum=record
D:longint;
CS:array[0..maxcs] of byte;

End;

D 1a s6 lugng chir s6 ctia né, mang cs biéu dién céc chir s6 ctia s dang xét. Dé thuan tién, ta s& luu
céc chit s6 nguoc lai so v6i thi tu viét. VD s6 123456 thi mang CS s& 1an lugt 12
CS[1]=6;..CSO[6]:=1. Luu céc chir s6 kiéu nay s& dé dang khi thyc hién cédc phép tinh trén s6 16n.

Bai toan:
Cho 2 s6 nguyén A va B c6 khong qué 1000 chit s, tinh A+B, A-B, A*B.
Huoéng din:

1) Phép cong, ta thyc hién nhu phép cong da duogc hoc ¢ truong, tic 1a cong tir hang don vi dén
hang chuc... Ta can c¢6 1 bién nhé dé luu nhé, sau khi dén hang tiép theo thi phai cong ca nhé vao
nita. Tha tuc mau:

Procedure cong(a,b:bignum);

Var n,I,nho:longint;

Begin
If a.d>b.d then n:=a.b else n:=b.d;
Nho:=0;
For i:=1 ton do

Begin
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Nho:=nho+a.cs[i]+b.cs[i];
c.cs[il:=nho mod 10;
nho:=nho div 10;

End;
c.d:=n;
if nho>0 then
begin
inc(c.d);
c.cs[c.d]:=nho;
end;
End.

Két qua 1a s6 C.

2) Phép trir, gia sir s6 bi trir > s6 trir. Ta ciing can 1 bién nhé dé thyc hién phép trir nhu chiing ta
thudong lam. bén hang I, néu nho-+b[i]>a[i] thi c[i]:=10+a[i]-nho-b[i] va gdn nho:=1, nguoc lai, tic

la nho+bl[i]<=a[i] thi c[i]:=a[i]-nho-b[i] va nho:=0. Cac ban tu viét tha tuc.

3) Phép nhan: phép nhan thi cé phuc tap hon 1 chait.

Procedure nhan(a,b:bignum);
Var Lj:longint;
Begin
For i:=1 to a.d do
For j:=1 to b.d do

Inc(c.cs[i+jl,a.cs[i]*b.cs[j]);

For i:=1 to a.b+b.d do c.cs[i]:=c.cs[i+1];

For i:=a.b+b.d downto 1 do if c.cs[i]<>0 then break;

c.d:=I;

End.
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Sau khi cai dat dugc 3 thi tuc trén, ta da ¢ thé hoan thanh bai todn, chi luu y & phép trir, néu A<B
thi ta caninra 1 s6 4m, vi vay trudc hét in ra d4u trir rdi d6i chd A va B, sau d6 thyc hién trir nhu
binh thuong. Ham so sanh 2 s6 16n ciing khong don gian, céc ban c6 thé tu cai dat.

Béy gio 1 van d& dat ra 13, néu c6 1 bai todn ma mdi sé c6 khoang 10000 chit s, va cdc ban phai
thyuc hién cédc phép tinh +,-,* nhiéu lan, nhu vay thi néu ta van thyc hién nhu céc thii tuc trén day
thi khong thé chip nhan dugc vé mit thoi gian. Vi vay ching ta can c6 su cai tién. Dé ¥ 1a ta dang
thyc hién cédc phép tinh trén hé co sb 10, vy thi ta s& nghi dén thuc hién nhitng phép tinh trén cdc
hé co s6 16n hon, va dé khong 1am phirc tap héa van d thi nhimng co sb nay 1a nhing bdi sé ciia 10,
cé4c ban c6 thé tdng lén co sO 10"9(né'u ding kiéu longint dé luu tru), hoac tham chi la
10717,107M8( néu céc ban ding int64 hodc qword dé Iuu). Chi can chinh sira nhimg thi tuc trén &
chd mod 10 va div 10 thanh mod coso va div coso 12 xong. Nhung khi in ra can c6 1 chiit chinh
sira. Do ddy 12 co s6 16n nén mdi phén tir can phai c6 da log;occoso) chir sO( trudng hop coso=10 1a
¢6 du 1 chit s6), nhung trong PASCAL nhiing chir s6 0 vb nghia & dau s& bi bo di, nén khi write 1
phan tir nao d6, ta phai bo sung nhitng chir s6 0 vao dau dén khi du s6 chit s6 roi méi ghi ra( trix
phdn tir dau tién vi nhitng s 0 trudc phan tir ndy khong c6 nghia).

Bai todn: Dém day
Dém s6 ddy ting dan(do dai diy phai >=2)c6 cdc phan tir nguyén dwong ma tong diing
bang n

Gidi han
n<=4000

Dir liéu vao
e Ghi duy nhit s6 n
Dir liéu ra
e Ghi ra s céch

Vi Du

Input:
5
Qutput:
2

Giai thich: C6 2 ddy 1a (1,4)va (2,3)

Pay 1a 1 bai todn QHD. Bai nay quy vé bai todn tim s6 nghiém ctia phuong trinh
x1+x2+...4xk=n vo1 x1<x2<x3...<xk. Goi F[n,k] Ia kq bai toan.

THI: TAt ca céc s6 déu xi déu >1, lic d6 F[n,k]:=F[n-k.k].
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TH2: x1=1, =>F[n,k]:=F[n-1,k-1] (loai x1 ra).
Két hop 2 truong hop ndy lai ta ¢6 cong thic:
F[nk]:=F[n-k.,k]+F[n-1,k-1].

Vay 1a ta cAn tim cdc F[n,k] thoa man k*(k+1)<=n va cong lai vao bién két qua, két qua bai todn 1a
rat 16n, cho di cdc ban c6 tim ra cong thire QHP nhung van cai ddt ¢ hé co s6 10 thi ciing khong
thé giai quyét tron ven bai todn. Vi thé nén giai phdp ciia bai nay 12 ding hé co s6 16n. Co sb cang
16m thi cang riit gon thoi gian chay chuong trinh lai.

II)Ham mod trong c4c bai toan tin hoc.

Trong tin hoc ¢6 nhiéu bai toan can dong dén xir I s6 16n, nhung khi y d6 cia tic gia chi 1 tim ra
thuat todn diing dé giai quyét bai toan chir khong coi trong viée cai dit s6 16n, lic d6 thuong thi tac
gia s& yéu cau ghi ra sé du ctia két qua khi chia cho 1 co s6 bét ki nao d6. Vi vay ma ta cdn tim
hiéu nhing tinh chét ctia ham mod dé c6 thé dam bao két qua minh dua ra 1a chinh xéc.

Gid sir c6 2 s6 x va y, véi co s6 12 n, ¢6 nhirng tinh chit sau day:
1.(x+y)mod n = (x mod n+y mod n) mod n.

2.(x-y)mod n = (x mod n-y mod n)+ord(x mod n<y mod n)*n;(¢ day co thé hiéu 1 cich don gian 1a
néu x mod n-y mod n<0 thi céng thém n vao két qua).

3.(x*y) mod n=(x mod n)*(y mod n)mod n.

Ngoai ra con c6 thé c6 nhiéu tinh chét khic, nhung chimng nay ciing du dé cdc ban ding trong hau
hét céc bai toan thuong gap.

Néu bai Dém diy & trén chi yéu cau chiing ta in ra phan du ctia két qua khi chia cho 123456789 thi
mdi 1an tinh F[Lj] ta lai ldy F[Lj] mod 123456789. Khi cong vao bién két qua ta ciing lay két qua
mod 123456789. Do & day chi thuc hién phép + nén theo tinh chét 1 thi cudi cing két qua ta tim
duoc 1a chinh xé4c.

Bai todn: S6 huyén bi( Mystery).

Dét nude Vin Lang thoi cd xua dd ¢6 nhitng hiéu biét tan tién vé sb hoc. Tuong truyén
rang, vua Hung Vuong thtr 17 cung cdc trudng 1ao trong triéu dinh di phat minh ra cdc sb
huyén bi. Cic s6 nay gitip chi ddn dudng vao kho tang cta dat nudc.

Theo céc chirng tich khao cd, cadc nha khoa hoc két luan rang s6 huyén bi co s¢ a bang tich
cta (3%-1) v6i moi ude s6 d > 0 clia a.
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Bom thich s6 hoc ddng thoi ciing rat thich tim hiéu lich su dat nude. Ban hdy giip Bom
tinh so huyen bi co sd a (1 <a<10%). Do két qua c6 thé rit 16n, ban chi cin in ra phan du
ctia 6 huyén bi co sé a khi chia cho 20122007.

Dir licu

Gom mét sd nguyén a duy nhat.

Két qua

In ra s6 nguyén duy nhat 1a phan du ctia s6 huyén bi co s& a khi chia cho 20122007.
Vidu

Dit lidu:
10

Két qua
7291779

Huwéng dan:

Vi bai ndy thi ta can tim tit ca cdc wdc sd cia a, sau d6 14y sé du cua (3”d-1) khi chia cho
20122007, sau d6 4p dung tinh chit 3 dé 1ay két qua. Van dé méu chdt ¢ day 1a 1am sao
tinh s6 du ctia 3°d-1 cho 20122007. Néu diing 1 vong for tir 1->d thi s& khong thé dam bao
thoi gian vi ¢6 nhitng wéc rat 16n. Bé ¥ tinh chét 3, ta c6 1 thudt todn tinh trong log(d) nhu
sau: Néu d chin 12 thi 3’\d 37 (d div 2)*3’\(d div 2). Néu d 1¢ thi 3°d= 3*3M(d div 2)*3/7(d
div 2). Vi vay ta chi can phai tinh sé du ctia 3/(d div 2) 1a ¢6 thé tinh dugc cho d, vy 1 thu
tuc dé quy 12 rat thich hop trong truong hop nay. Sau d6 dp dung tinh chét 2 dé 14y phan du
cua (37d-1) do ¢ day xuét hién dau trir.

Tree Num(TREENUM)

Mot s6 dugc goi l1a so tree_num khi n6 dugc la tong cua cac lliy thtra co s0 3 véi sO mil
khong am tang dan.

Vi du 30=3"1+3"3; 325=320+3"4+3"5 12 nhitng s tree_num.
Yéu ciu :Tim sb tree_num thit n

Input

Dong dau chtra sé nguyén duong ntest 12 s test(ntest<=30000)
Ntest dong sau:mdi dong chira s nguyén duong n(0<=10719).
Output

Ntest dong mdi dong chira sb tree_num thr n

Sample
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—
=

o
=1
-

OO WM~ W

utput:

e N O
(O8]

\S)

Thuét toan

Nhin vao dinh nghia ctia s6 TREE_NUM tht n, ta nhan thiy: Néu thay co s6 3 bang co s6
2 thi sO tree_num thir n chinh 1a s6 n. Tt d6 ta c6 thuat toan sau:

Phan tich n ra hé nhi phan. Gia st n=2’\x1+2’\x2+.7. +27xKk thi sb tree_num duoc tinh bﬁng
cong thirc 3*x1+37x2+...+3”xk. Nhu vay ta c6 theé st dung xur Ii bit trong bai toan nay,
néu bit thirj 1a 1 thi cong 37 va két qua. Nhung bai todn chua dung lai ¢ day.

N<=10719 tirc 1a n ¢4 tdi da 64 bit. Ta lai phai sir dung s6 16n dé giai quyét bai nay, do khi
chuyen tir 2 sang 3 thi két qua da 16n hon rat nhiéu. Néu ta cong trir trén co s6 10 thi khé
¢6 thé chay trong thoi gian cho phép vei sO lwong test 16n(<=30000). Vay bai nay ching
ta nén thyuc hién xt Ii v6i co s6 10n, mang lity thira ciia 3 can duoc tinh trude dé tranh tinh
trang tinh 13p lai nhiéu lan, giy lang phi va 1am cham chwong trinh.

Space settlement(SPACESET)

ba lau 1am roi, & mat thi€én ha xa x6i ... Mgt dé ché da xay dung nén mdt tram khong gian
vi dai. Tram khong gian nay ¢6 m tang, va moi tang gom cé n khu vuc. Céc khu vuc dugc
nodi voi nhau béi cac tuyén duong dé cac tau khong gian c6 thé bay qua.

Mot tang 13 mot vong tron voi n khu vue duge dit trén d6. Vong tron cung cip céc tuyén
dudng bay cho cdc tau khong gian. Trong vong mdt ting, viéc di chuyén chi duoc thyc
hién doc theo vong tron d6. Vong tron dinh hudng dudng bay s& ludn ton tai, bat chap sb
luong khu vuc & trong tang d6.

Cac tﬁng duoc té chtrc thanh mdt hé théng Mot su két néi hoan hao dugc cung cAp gitta
cdc tang. Tai mdi khu vuc trong mot ting s& c6 cac tuyén dudng ndi téi moi khu vuc 6
tAng ngay trén va ngay dudi né. Tang trén ciing va dudi cling ciing duoc ndi theo cich
tuong tu.

176




M@t s6 van Dé Pang chii § trong mén tin hoc

Chang phi hanh gia thich phiéu luu -- Han Solo mudn ché moi nguoi gitra cac khu vuec.
Tau khong gian cua Solo c6 thé bay theo mét hanh trinh ¢6 chinh xdc k diém dung, khdng
hon khong kém.

Cho gi4 tri cia k, n va m. Ban phai tinh s6 hanh trinh trong tram khong gian ma Solo c6
thé dung dé thuc hi¢n cong vi¢c cia minh.

Luu y
1. M6t khu vuyc ¢6 thé duoc tham bao nhiéu 1an tiy ¥ trong 1 hanh trinh.

2. M6t hanh trinh dugc coi 1a mgt day céc dinh sao cho ton tai mot canh gitta 2 dinh lién
tiép. Hai hanh trinh duogc coi 1a khac nhau néu chiing khac nhau tai mét dinh bat ky.

3. Tang trén cung va dudi cung chi dugc ndi vdi nhau néu nhu ching khac nhau.

4. Hinh anh tuong trung

Trong hinh, cidc dau cham mau den thé hién cac khu vuc. Sy két ndi dugce bicu dién bang
cdc vong tron va dudng thang.

Input
Dong dau chia T, s6 luong test. Mdi test chtra cdc gid tri cia m, n va k.
Output

Chira T dong, mdi dong cho 1 test. Mdi dong s& ghi phan du cua téng s6 hanh trinh c6 thé
st dung khi chia cho 12345678.

Example

Input:
5
111
121
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3356
434
691 60 97764

Output:
1

2
8019378
6144
470730

Constraints
Dataset 1: T< 100, m < 1000, n < 1000, k < 100000 Time limit: 5s

Dataset 2: T< 100, m < 1078, n < 1078, k < 1078 Time limit: 5s
Thuat toan:

MJi hanh trinh c6 k diém dimg. Piém dau tién trong hanh trinh ¢6 m*n kha ning dé chon, sau d6
tir diém thir 2 tro di, modi diém c6 (2#n+2) kha ning dé chon(sé diém & vong ké dudi +s6 diém &
vong ké trén + s diém ké diém do6 trén vong tron hién tai).

Tu d6 ta c6 cong thirc tinh sau:Két qua:=(m*n*(2*n+2)"(k-1))mod 12345678.

Pay 12 1 trong nhitng bai toin ma dp dung tinh chat thir 3 ciia ham mod rat nhidu 1an. Dya vao tinh
chat nay cic ban c6 thé tinh ra két qua khong may khé khan. Chi xin luu ¥ cic ban 1 vai truong
hop dac biét khi m,n<=2. Lic nay thi cong thitc ctia chiing ta ¢6 1 chiit thay déi(céc ban ty tim
cong thirc ctia nhimng truong hop nay). 1 didu nita 1a néu cdc ban dp dung tinh chit 3 nhitng khong
cén than véi kiéu dit liéu c6 thé gay tran sb.
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Van Pé HEAP Va Ung Dung

-Heap 12 1 trong nhiing cau tric dir liéu dic biét quan trong trong tin hoc, né gitp chiing ta c6 thé
giai dugc nhiéu bai todn véi thoi gian cho phép. Sau day ta s tim hiéu chi tiét vé HEAP.

-Dau tién heap 1a 1 ciy nhi phin c6 quan hé giita niit cha va 2 nit con ctia né. Loai heap max 1a
heap ma moi c¢6 khéa 16n hon hodc bang cac niit con ctia né( néu né khong phai 1a niit 14). Trong
loai heap nay thi ta c6 thé d& dang nhan thay khéa ctia gdc 12 khéa 16n nhét. Loai heap min thi dugc
dinh nghia twong tu nhung nguoc lai. Sau day 1a hinh anh cta 1 heap max.

1 2 3 4 5 6 7 8 9 10

- - - - - - - - - -

[45(38 290 [27 [28 [27 J12 |18 21 |8 |

(Hinh 1: Biéu dién mdng ciia mét Heap)

/@\ 5
27 29) @ ®
® & ®

(Hinh 2: Biéu dién cdy ciia mét Heap)

-Ttr day chiing ta chi xét trén heap max, heap min lam twong tu, chd y la v6i heap min thi ntit cha
c6 khoéa bé hon nit con nén khi thyc hién cac so sanh thi phai dao chiéu.

-Do heap 12 1 ciy nhi phén, nén céch don gian nhit dé biéu dién n6 1a ding 1 mang 1 chiéu n phan
ter( v6i n 12 s6 lugng phan tir 16n nhat can quan If). 2 nit con cua nit k 1a 2%k va 2*k+1, niit cha cua
nit k 12 k div 2. Goi nheap 12 s6 phan tir hién tai ctia heap.

Ta can thyc hién nhiing thao téc sau véi 1 heap:
a) Upheap: Khi c6 1 niit ¢6 gia tri khéa ting 1én thi c6 thé cu triic heap khong con dugc bao toan nira,
no6 c6 thé phai ¢ 1 vi tri khac( do né 16n hon nén c6 thé phai gan goc hon). Can c6 2 bién cha va

con d¢€ thuc hién qud trinh chinh stra heap, ta tudng tuong niit con lic dau 1a vi tri can chinh stra,
néu nit cha cia né cé gia tri khéa < gid tri khéa ctia n6 thi doi cho niit con cho niit cha, niit con maoi
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ltic nay 1a niit cha cii. Cir tiép tyc nhu thé dén khi gap 1 vi trf ma niit cha c6 gid tri khéa >= né hodc
vi tri nidt con hién tai =1 (ndt goc).
rocedure upheap(v:longint);
Var cha, con, x:longint;
Begin
Con:=v;x:=h[v].key;
While con>=2 do
Begin
Cha:=con div 2;
If h[cha].key>=x then beak;
H[con]:=H[cha];
Con:=cha;
End;
H[con]:=v;

End.

b) Downheap: Nguoc lai v6i upheap, c6 thé c¢6 gid tri khéa ciia phan tir nao ddy giam di thi phai tién

hanh diéu chinh lai heap. Pau tién nit cha ¢ vi tri can thay d6i. Néu gid tri khéa ¢ nit cha < gid tri
khéa 16n nhat trong céc niit con thi tién hanh doi cho niit cha va nit con c6 gia tri khéa 1on nhat
nay. Nut cha méi 1a nit con cti. Ctr ti€p tuc nhu the cho dén khi gdp 1 vi tri ma gia tri khéa cua nut
cha>= gia tri khda cua niit con 16n nhat hoac la nit dé khong cé niit con nita. C4c ban ¢ thé tham
khao thu tyc sau day.
Procedure downheap(v:longint);
Var cha, con, x:longint;
Begin

Cha:=v;x:=h[v].key;

While cha*2<=n do

Begin

Con:=cha*2;

If (con<nheap)and(h[con].key<h[con+1].key) then inc(con);

If h[con].key<=x then break;
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H[cha]:=h[con];
Cha:=con;
End;
H[cha]:=v;
End.

Néu trong qud trinh x1r Ii, cdc ban can biét s6 hiéu cdc phan tir thi thém vao 1 mang sh nita, luu ¥
1a khi nao c6 sy thay ddi vi tri ciia 1 niit thi cling thay d6i gid tri ciia mang sh theo dé dam bao
sh[h[v]]:=v;

Khi cic ban da c6 trong tay 2 thi tuc upheap va downheap thi cic thao tac con lai c6 thé quy vé 2
thu tuc nay:

-Thém 1 phan tir vao heap: Cho phan tir ndy nam & vi tri nheap+1 rdi thyc hién thao tic upheap.

-Lay 1 phan tir ra khoi heap( thuong 12 ta can 1ay phan tir & gdc vi ddy 1a phan tir nho nhat hoic
16n nhit trong 1 doan): Gan phan tir cubi vao phan tir can loai b, ddng thoi dec(nheap), sau d6 coi
nhu phan tir nay bi thay doi gid tri, gi tri khéa ma tang 1én thi thyuc hién upheap con khong thi thuc
hién downheap.

Sau khi ta da cai dat dugc cic tha tuc cin ¢6 clia 1 heap, ta s& tim hiéu (mg dung ciia né khi giai
céc bai todn trong tin hoc. Nhu ta thdy, heap max hay heap min c6 thé cho ta lay phén tir 16n nhét
hodc phan tir nho nhat trong 1 doan. Vi vy né rat hiru dung trong céc bai todn ma ta cin phai truy
van cdc ph?m ttr 16n nhét hoac cac ph?m ttr nho nhét trén 1 doan( ch?mg han nhu céc bai toan QHD
thi ta thuong can tim nhiing gi4 tri nay). Hon nita, mdi thu tuc ctia heap c6 do phiic tap khong qua
0(logn) (diéu nay cic ban c6 thé ty ching minh), vi vay heap gitip nhitng bai todn loai nay c6 thé
giai quyét don gian hon trong thoi gian cho phép.

Puwong di ngiin nhat

Cho 1 db thi c¢6 n dinh, m canh (1<=n,m<=10"5), tim d6 dai duong di ngin nhat giita 2 dinh s va t
ctia d0 thi.

Thuat toan:
Bai nay véi dit liéu nho(n<=5000) thi cdc ban diing thuat toan Dijkstra dé tim duong di ngén nhit

tir dinh s. Nhung v6i n<=10~5 ma thuét todn Dijkstra ¢b dién c6 d6 phirc tap n”2 thi khong kha thi,
vay ta phai tim c4ch cai tién.
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Trong thut toan Dijkstra, mdi 1an ta can tim 1 dinh trong s6 cdc dinh chwa duoc dénh déu sao cho
dinh nay c6 gid tri duong di hién tai 1a nh6 nhét. Didu nay 1am ta nghi dén dung heap. Ding 1 heap
min luu chi s6 ctia cdc dinh (gid tri duong di ngén nhat hién tai luu trong mang d). Mdi 1an tim dinh
min, ta lai le”iy dinh & géc ra, khi cap nhit néu c6 dinh nao duge thay doi gia tri thi ta thyc hién
upheap( hodc thém vao néu phan tir nay chua c6 trong heap). Dé thuc hién cap nhat mang d thi nén
luu dd thi béng danh sdch lién két hoac luu kiéu Forward-star. Do phure tap thudt todn 1a mlog(n).
Thuat to4n Dijkstra két hop cau triic heap 12 1 trong nhitng thuat todn thudng gip nhat véi cau tric
dit liéu quan trong bac nhét nay.

Mt chiit vé Huffman Tree( HEAP1)

Mot ngudi ndng dan mudn cit 1 thanh gb ¢6 do dai L ciia minh thanh N miéng , mdi miéng
c6 d6 dai 12 1 s6 nguyén duong A[i] (A[1]+ A[2] + ... A[N] =L) . Tuy nhién dé cit mot
miéng g c6 do dai 1a X thanh 2 phén thi 6 Ong ta s& mat X tién . Ong nong dan nay khong
gioi tinh todn lam vi vay ban dugc yéu cau lap trinh giip 6ng ta cho biét can dé danh it
nhit bao nhiéu tién thi méi c6 thé cit duoc tim gd nhu mong mudn .

Lueu ¥ : Két qua c6 thé vueot longint ( trong Pascal ) va vuot long ( trong C++ ) ddy nhé .
Input

Dong 1:1s6 nguyén duong T la sO b test .

T nhom dong tiép theo mo ta cdc bo test , mdi nhém dong gom 2 dong :
Dong 1 : s6 nguyén duong N (1 <N <20000 ) .

Dong 2 : N s nguyén duong A[1] ..., A[N] . (1 < A[i] <50000 )

Output

Ket qua m01 test ghi ra trén 1 dong , ghira 1 s6 nguyén duong duy nhét 12 chi phi tdi thiéu
can dé cat tim gd .

Example

Input:
1
4
1234

Output:

19\ ’ r ~ M r r r

DPau tién cat miéng go thanh 2 phan c6 do dai 6 va 4 . Sau do cat tiép miéng c6 dd dai 6 ->3 va 3.
Cit 1 miéng 3 thanh 2 phan c6 d¢ dai 1,2 . Nhu vay chi phi 12 10 + 6 + 3 = 19.

Thuat toan:
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Dau tién cho tét ca cdc phan d dai trén vao 1 heap min, thyc hién vong l3p n-1 1an nhu sau: Lay 2
phan tir dau tién( tirc 12 2 phan tir c6 gid tri nho nhat trong heap hién tai) ra, sau d6 thém 1 phan tir
méi c6 gid tri = tong 2 phan tir vira 1y ra cho vao heap. Nhu thé sau n-1 1an, heap chi con 1 phan
tir va gid tri cia phan tir ny chinh 1a két qua can tim, phan chirmg minh xin nhuong ban doc. Mot
luu ¥ nita 1a phai khai bdo mang heap kiéu int64 vi két qua c6 thé vuot qua longint.

KMIN

Cho 2 day s nguyén A va B. V6i moi so Ali]thudc A va B[j] thudc B nguoi ta tinh tong
né. Tat ca cdc tong ndy sau khi duoc sip xép khong giam sé tao thanh diy C.

Nhiém vu ctia ban 1a: Cho 2 ddy A, B. Tim K s6 dau tién trong day C
Input

Dong dau tién gdom 3 s6: M, N, K

M dong tiép theo gdm M sé mo ta day A

N dong tiép theo gdm N s6 mo ta day B

Output

Gom K dong twong tng 13 K phan tir ddu tién trong diy C

Example

Input:
446

N WA WN -~

utput:

(JIQJIQJI-P-PWO

Gidi han
e 1 <M, N, K < 50000
e 1 <A, B <10’
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Thuat toan:

V6i m,n<=50000 thi ta khdéng thé tao 1 mang 5000072 rdi sap xép lai dwoc, vi vy chiing ta cin
nhitng thuat todn tinh té hon, 1 trong nhitng thuat todn don gian ma hiéu qua nhat 14 dung heap.

Dau tién ra sap xép 2 mang A va B khong giam, di nhién phan tir dau tién chinh 1a A[1]+B[1], van
dé 1a phan tir thir 2 1a A[2]+B[1] hay A[1]+B[2], ta xi I nhu sau:

Trudc hét ta tao 1 heap min gom cac phan tir A[1]+B[1], A[1]+B[2],...A[1]+B[n], mdi khi l4y ra
phn tir & gbe( tirc 12 phan tir c6 gid tri nho nhat trong heap hién tai), gia sir phan tir d6 1a A[i]+B[j],
ta lai ddy vao heap phan tir méi 1a A[i+1]+B[j]( néu i=m thi khong diy thém phan tir nao vao
heap). Ctr thé cho dén khi ta 1dy ra dii k phan tir can tim.

Do phic tap thuat todn trong trudng hop 16n nhat 1a 0(50000*1og(50000)), ¢6 thé chay trong thoi
gian 1 s, bd nh¢ luu trix ty 1€ véi n.

Ball game

H6m qua AnhDQ méi moi ¢6 gdi cua minh di an mén ga KFC (vén 1a 5o truong cua hai
ngudi). Hai nguoi quyét dinh goi phan an Chicky (danh cho tré em :d), vira tiét kiém, ma
con dugce tang kem mén dd choi ngd nghinh c6 tén 1a "Bt ga" :d Sau mot h01 loay hoay,
AnhDQ phit hién ra ring trd choi ctia bon tré con nudc ngoai nay kha 12 gidng voi trd choi
gu ciia tré con Viét Nam :d (tat nhién 12 hién dai hon A1), Sau d6 AnhDQ quyét dinh ri
nang di xem phim ¢ MegaStar :"> trén duong ghé qua khu StarBowl, cam trén tay mén do
"Bit ga", AnhDQ chot nay ra mot tro choi thu vi két hop gitta nhitng qua bong bowling va
trd choi gu dén gian, va chang quyét dinh hai nhéc Alice va Bob sé& 12 nhitng vi khach dau
tién tham gia tro choi méi nay! Chang tam dat tén cho tro choi 1a "Tro choi v6i nhiing trai
bong":

AnhDQ 1am sén mét cdi mang c6 N 16 xép lién nhau duoc dénh s tir 1..N va mot dudng
rinh gitp dua cdc qua béng vao cdc 16 nay. Puong ranh nay c6 thiét ké dic biét nhu sau:

- Chi ¢6 thé ném bong vao tir mot trong hai dau ctia duong ranh.

- Tai mot thoi diém chi ¢6 mot qua béng dugc ném vao duong ranh.

- Néu bong dugc ném vao tir dau nao thi dudng ranh s& dua qua béng t6i 16 tréng gin diu
d6 nhit.

- Thoi gian dwa béng toi mot 16 bat ki 1a khong dang ké.

AnhDQ lam ra M qua béng dac biét cho Alice va Bob choi, nhitng qua béng nay c6 dac
diém nhu sau:

- Chung c6 cung hinh dang, kich thudc; vay nén c6 thé roi vao bét ki 16 nao trén mang.

- Mbi qua béng c6 mot do xody (c6 thé gidng hodc khac nhau); néu mot qua bong ¢6 do
xody la x thi n6 s€ xody trén miéng 16 ma n6 roi vao trong x phiit truéce khi roi han xudng
16.
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Lai n6i vé cdi méng:

- Mbi 16 trén méng c6 strc chira vo han.

- Mot 16 duoc goi 1a tréng néu khong c6 qua béng nio dang xody trén miéng 16 d6; tai thoi
diém mot qua béng dimg viéc xody va bat dau roi vao 13 thi 16 d6 ciing dugc coi 1 tréng.

- Tro choi bat dau & thoi diém 0, Alice dimg ¢ dau rinh phia bén trdi (gan 15 tht nhét) con
Bob dimg & dau ranh phia bén phai (gan 16 thir N).
- Tai céc thoi diém khéc nhau, Alice hoic Bob ném mét trong M qua béng vio ranh.
- Trd choi két thic khi mot trong cac truong hop sau xay ra:

++ Alice va Bob ném hét M qua béng; khi d6 hai nhéc hoa nhau; thoi gian cua véan
choi 12 thoi diém ma qua béng cudi cliing ngimg xody va roi xudng 19.

++ Alice hodc Bob ném mét qua béng vao rinh trong lic khdng c6 16 ndo trén mang con
tréng; khi d6 nhéc nao ném qua béng dé s& 12 nguoi thua cude :d; thoi gian cia van choi
12 thoi diém ma nhéc thua cude ném qua béng dé.

AnhDQ di choi vé va thdy hai nhéc dang ngdi thd hon hén vi ném béng :)) AnhDQ lién hoi
hai nhéc xem ai thang thi hai nhoc cuoi toe toét néi la.. khong nho @) Bo tay, AnhDQ lién
ging hoi chiing vé dién bién van choi, hai nhéc chanh choe nhau ké ra cdc 1an ném béng
ctia minh, dugc mé ta boi hai s6 u, v, trong d6 u 12 thoi diém ném quéa béng va v 1a d6 xody
cua qua bong do.

Nhung chiing ké ciing chéng c6 thir tu gi hét, cang 1am AnhDQ dau dau hon, chang cb ghi
lai thong tin ma ching ké va nho cic VOJ-er(s) tai gioi gitp chang phan dinh két qua cua
vén choi xem sao. Chang rat hdi hop vé trd choi méi niy ctia minh.

Dir liéu

- Dong dau tién chira hai s6 N, M.
- M dong tiép theo, moi dong bat dau boi mot chir cdi 'A' hodc 'B', tuong ung vai 101 ké cua
Alice hoac Bob; ti€p theo 1a hai so u, v tuong ing.

Két qua

- Néu vén choi két thic voi két qua hoa, in ra nhu sau:

++ Dong dau tién in ra DRAW.

++ Dong thur hai in ra Game lasts: T minute(s); trong d6 T 1a thoi gian cua véan choi.

++ M dong tiép theo in ra "bién ban" cuia van choi; moi dong ghi Alice takes the hole:
H hodc Bob takes the hole: H twrong trng v&i mdt lugt ném bong cua Alice hodc Bob;
trong d6 H 12 15 trdng twong tmg ma qua béng ctia lugt ném d6 roi vao. Bién ban nay viét
ra theo thir tw thoi gian.

- Néu véan choi két thdc véi mot nhoc thua cudc, in ra nhu sau:

++ Dong du tién in ra Alice loses at her turn: R néu Alice thua cudc, hodc in ra Bob
loses at his turn: R néu Bob thua cudc; v6i ¥ nghia: nhéc twong tng thua cudc sau lan
ném tht R cia minh.

++ Dong thur hai in ra Game lasts: T minute(s); trong d6 T 1a thoi gian ctia van choi.

Vidu
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Dit lidu:
22
A110
B 220

Két qua:

DRAW

Game lasts: 22 minute(s)
Alice takes the hole: 1
Bob takes the hole: 2

Dir liéu:
12
A110
B 220

Két qua:
Bob loses at his turn: 1
Game lasts: 2 minute(s)

o re

Gioi han

“N.M<10°.
-u, v< 10°.

Thuat toan:

Dau tién ta sap xép lai thtr ty thoi gian clia cdc cude ném bong. Bai nay ta dung 3 heap voi
cic ¥ nghia nhu sau: 1 heap min, 1 heap max luu chi sé cdc 16 con trdng. 1 heap quan i cdc
0 dang c6 bong 0 xody ¢ trén, heap nay la 1 heap min vo6i gid tri khoa la thoi gian qua bong
roi xudng 1. Pau tién 2 heap min va max day( tat ca cic 6 con trong). Cho 1 vong for qua
cdc thir ty ném, dén 1 luot ta phai lam 2 viéc sau:

1: Loai bo tir heap quan i cdc 6 c6 béng nhirng 6 nio c6 thoi gian béng roi xudng 15
<=thoi gian ném boéng cua lugt nay, sau d6 thém vao heap min va heap max nhirng 6 tim
duogc, nhitng 6 nay lan lugt duoc lay ra tir goc cua heap dang xét.

2: Thyc hién ném: Néu ném tir bén trdi, dya vao heap min dé tim ra 6 trong c6 chi s6 nho
nhat, ném bén phai thi nguoc lai. Khi da tim duoc thi ta tién hanh loai bo khoi 2 heap nay
phan tur da tim duge( do né bét dau c6 béng xody phia trén) va thém vao heap kia 1 phan tir
gdm 2 théng tin, chi s6 cua 16 va thoi gian béng roi xubng 13.

Néu dén 1 lugt ném ma tat ca cdc 6 déu c6 bong thi tro choi dung lai. C6 1 luu y 1a ta can
quan Ii s6 hi€u cua cac 6 trong 2 heap d¢ tién cho viéc loai bo.
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INTERVAL TREE

Bai viét nay mudn gidi thidu véi cdc ban 1 cong cu rat hitu dung dugc st dung nhiéu trong céc bai
todn trén diy s6, hodc dugc quy vé cic bai todn xur If trén day sd, ddc biét 1a cdc bai todn c6 nhiéu
cong viéc can xir I va nhiéu truy van xen k& nhau. Cong cu dugc néi dén & ddy chinh 1a
INTERVAL TREE( hay con goi la segmet tree), tirc 1a ciy doan.

Interval tree la cdy doan, vay thi né la 1 cdy, va cdc nit ctia nd thi luu thdng tin cia 1 doan xéac
dinh. Interval tree 1a 1 cAy nhi phan ma mdi niit khéng phai 1a 14 déu c6 diing 2 niit con. Néu nit A
lru thong tin ctia doan tir i..j thi 2 nit con ctia né, Al va A2, 1an luot luu thong tin ciia cdc doan
i.m va m+1.j, v6i m=(i+j) div 2 1a phan tir giita cta doan.

Vi ddy 1a cdy nhi phén, lai c6 ddy du 2 niit con, dé don gian thi ta c6 thé biéu dién cdy chi= 1
mang 1 chiéu, v6i y nghia nhu sau:

Nt 1 1a nat géc, nut k( néu khong phai 1a nit 14) thi c6 2 con la céc nit k*2( ntt con trdi) va
k*2+1(ndt con phai).

Nt 1 s& luu thong tin cua doan 1..n ( véi n 1a d6 dai day sé).
Vay nit 2 s€ Iuu thong tin doan 1..(n+1) div 2 va nit 3 s€ Iuu thong tin doan (n+1) div 2+1..n.

Tuong tu theo dinh nghia thi ta c6 thé biét dugc nut thir k s& luu thong tin cua 1 doan xac dinh nao
ddy. Sau ddy 12 hinh anh 1 cdy INTERVAL TREE véi n=7:

C6 1 van dé 12 v6i 1 doan n phan tir, thi mang biéu dién cdy s& c6 bao nhiéu phan tir 12 du, ngudi ta
da chimg minh dugc cy interval tree chi can tdi da 1a 4*n-5 phan tr, vi vay khi khai béo 1 cy
interval tree, ta thuwong khai bdo 1a 1 mang 1..4%n.

Trén interval tree ¢6 2 thao tic can xir If, 1 1a cAp nhat thay ddi cho doan i..j va 2 1a 1iy thong tin
can c6 clia doan i..j, nhung mdi niit cta inteval tree chi luu nhitng doan xé4c dinh, vi vay 2 thao tic
nay c6 thé can tic dong dén nhiéu nit.
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Dé dé hinh dung, ta lay 1 vi du cu thé:

Cho 1 ddy n phén tir (n<=1075), ban diu mdi phan tir ¢6 gid tri 0. C6 q<=1075 truy van, mdi truy
van 12 1 trong 2 thao tic sau:1 12 gan gid tri v(v>0) cho phan tir & vi trf i, 2 14 tim gid tri 16n nhat
trong doan i..j bat ki.

Céch don gian nhét latacé 1 mang A[1..100000], véi thao tac 1 thi gdn Ali]=v, thao t4c 2 thi cho
1 vong for tir i dén j dé tim max, nhung cdch nay trong truong hop c6 nhiu truy van thi 2 thi s&
chay rat lau, truong hop x4u nhit 1a n*q. D& thay 1a cach nay khong thé chay trong thoi gian cho
phép.

Céch dung interval tree nhu sau:

Véi truy vén 1, ta s& cp nhat 1a két qua max cho tit ca cdc doan ma chira phan tir th i, nhitng
doan con lai thi khong 1am gi ca vi khong anh hudng dén.

Vi truy van 2, ta can tim két qua max trong so tat cad nhitng doan nam gon trong i..j, tic la nhirng
doan c6 diém dau >=i va diém cuoi <=j.

Goi T[1..400000] of longint 12 mang dé luu trit cAy interval tree. T[i] 1 gi4 tri Ién nhét trong doan
ma nut k Iuu gitt thong tin.

Khi gip truy van 1, ta lam nhu trong thu tyc sau:
procedure truyvanl(k,l,r,i:longint);
var m:longint;
begin
1.if (I<i)or(r>i) then exit;

2 if (I=r) then

begin

T[k]:=v;exit;

end;
3.m:=(l+r) div 2;
4.truyvanl(k*2,l,m,i);
S.truyvanl(k*2+1,m+1,r,i);
6.T[k]:=max(T[k*2],T[k*2+1]);
end;

Ta s€ phan tich thu tuc truyvanl:
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-Thu tuc nay cé céc tham s0 k,Lr,i vdi ¥ nghia: 1 va r 1a diém dau va diém cudi ciia doan ma nut k
luu trlr thong tin, 1 chinh 1a phan tir can gan gia tri v.-Trong thu tuc c6 1 bién m dé xac dinh phan tir
nam gitra doan 1..r.

-Céu 1énh 1 ¢6 ¥ nghia 12 ta s& bo qua khong 1am gi voi cdc doan khong chira phan tir thir i( 1>
hoac r<i)

-Céu 1énh 2 tic 13, khi da dén nt thir k biéu dién doan i..i thi ta chi cin gén T[k]=v, vi tit nhién sau
khi gén, v s& 12 gi4 tri 1on nhét ctia doan i..i.

-Céu 1énh 3 xdc dinh phan tir ndm gitra 1..r.

-Cau 1énh 4 1a 1 10i goi d¢ quy, dé ¥ cic tham s thi d& dang nhan ra, cdu lénh nay goi dén nit con
trdi cua nit k, tire ndt k*2 dé ta cap nhat cho nat dé.

-Cau Iénh 5 tuong tu cau 1énh 4 nhung la goi dé cap nhét cho niit con phai.

-Cau 1énh 6: Sau khi da cdp nhét cho 2 niit con trdi va phai thi da xac dinh dugc gia tri 16n nhét tir
1..m va m+1..r, vAy thi dé xdc dinh gia tri 16n nhét ctia doan 1..r ta chi can iy gid tri 16n nhat cta 2
doan kia=> T[k]:=max(T[k*2],T[k*2+1]).

Khi goi thu tuc truy van 1, ta s& goi tir nut géc, tuc la goi truyvanl(1,1,n,i);

Vay la dd xong yéu cau thtr nhit, nhung cdi ta cdn dé xem chwong trinh c6 hoat dong t6t hay khong
lai 12 két qua ciia yéu cau thir 2, vi vy thu tyc truyvan] 1a dé gidp thi tuc truyvan2 sau day tim
dugc két qua voi doan i..j bat Ki.

Procedure truyvan2(k,Lr,i,j:longint);

var m:longint;

begin

Lif (I>j)or(r<i) then exit;

2.if (i<=l)and(j>=r) then
begin

res:=max(res,T[Kk]);exit;

end;

3:m:=(l+r) div 2;

4:truyvan2(k*2,l,m,i,j);

S:truyvan2(k*2+1,m+1,r,i,j);

end;
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Phan tich:Thi tuc truy van 2 nay c6 cdc tham s véi y nghia nhur thii tuc 1, ¢6 thém tham s j vi can
lay két qua trén doan i..j.

Moi doan 1..r s& c6 3 khd ning véi doan i..j.
a: l..r khdng giao i..J, truong hop nay boé qua khdng lam gi ca( cau 1énh 1).

b: 1..r ndm gon trong i..j, trudng hop nay thi ta chi can t6i vu két qua khi so sanh véi T[k] vi: Ta da
xdc dinh dwoc phan tir 16n nhat trong doan 1..r nho thit tuc 1, va do 1..r nim gon trong i..j nén khong
can di vao 2 nit con cta nd.(cau Iénh 2).

c: 1.r khong ndm gon trong i..j nhung c¢6 1 phan giao vdi i..j, truong hop nay thi ta s& di vao 2 niit
con ciia né dé 1ay két qua, dén khi nao gip phai 2 truong hop dau.(cAu 1énh 4 va 5).

Suy nghi ki s& thy thu tyuc truy van 2 khong bo s6t cling nhu tinh thira phan tir nao ngoai doan i..j.

Khi goi thi tuc truyvan2 ta ciing goi tir nit gbc truyvan2(1,1,n,i,j). Sau thu tuc thi in ra res 1a két
qua can tim.

Nguoi ta ciing chimg minh dugc rang, 6 phirc tap ciia mdi thu tuc truyvanl va truyvan2 khong
qua log(n). Vi vay thuat todn dung interval tree cho bai nay c6é d6 phuc tap khong qua
q*log(n)=10"5*log(105), c6 thé chay trong thdi gian cho phép.

Piy 12 1 trong nhitng vi du co ban nhit vé interval tree, hi vong cdc ban da c6 thé hiéu va cai dat
n6.Trong khi nghién ciru vé cdc bai tap sau déy, ta s& tim hiéu 1 vai kiéu sir dung interval tree khéc.
DAy ciing 12 1 trong nhiing cau triic dit liéu thuong duoc st dung trong cac ki thi Olympic Tin hoc
trén thé gidi.

Xép hang(NKLINEUP)

Hang ngay khi 1ay sita, N con bd ciia bac John (1 < N < 50000) ludn xép hang theo thir tw khong
ddi. Mot hém bac John quyét dinh t chirc mot tro choi cho mot s6 con bd. Dé don gian, bac John
s€ chon ra mot doan lién tiép cdc con bd dé tham du tro choi. Tuy nhién dé trd choi dién ra vui vé,
céc con bod phai khéng quéd chénh 1éch vé chiéu cao.

Béc John da chuén bi mot danh sach gém Q (1 < Q <200000) doan céc con bd va chiéu cao cua
ching (trong pham vi [1, 1000000]). V&i mdi doan, bic John mudn xdc dinh chénh 1éch chiéu cao
giita con bo thap nhat va cao nhat. Ban hiy gitip bac John thyc hién cong viéc nay!

Dir liéu
Dong dau tién chira 2 s6 nguyén N va Q.
Dong thir i trong s6 N dong sau chira 1 s6 nguyén duy nhat, 1a d6 cao ciia con bo thir i.
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Dong thu i trong s6 Q trong tiép theo chira 2 s6 nguyén A, B (1 < A <B <N), cho biét doan céc
Con bo tir A den B.

Két qua

Gom Q dong, mbi dong chira 1 s6 nguyén, 12 chénh léch chidu cao giita con bd thap nhét va cao
nhét thudc doan tuong tmg.

Vidu
Dit lidu:

63

15
46

22

Két qua

6

3

0

Thuit toan:

DAy 12 1 bai todn xir If trén ddy s6 va can truy cap dén nhitng doan A..B bét ki trong day, vi vy
interval tree 12 1 trong nhiing lya chon khong toi. Bai nay chiing ta ¢6 1 didu may mén 1a khong can
phai cap nhat lai chidu cao clia cdc con bo, vi vy thong tin trong cdy interval tree 1a ¢ dinh va ta
s€ tao cdy interval tree dua trén mang chiéu cao cua cdc con bo. Mdi doan thi ta cAn in ra chénh
1éch @0 cao con bo cao nhét va con bd thép nhat, vi vay ching ta cAn tim duoc gid tri 1on nhét va
gid tri nho nhét trong céc phan tir tir A dén B. Ta c6 thé diing 1 cy interval tree vi mdi ndit luu 2
thong tin, gia tri 16n nhét va gia tri nho nhat trong doan ma nd biéu dién, ciing c¢6 thé ding 2 cay
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interval tree, 1 cAy ding dé luu gia tri I6n nhét, cAy con lai 1a gid tri nho nhat. O déy ta goi 2 cay
nay 12 maxd va mindPhan tao ta c6 thé 1am rat don gian dya trén ¥ tudng sau:

Néu l=r thi Maxd[k]=Mind[k]=A[l];

Néu khong thi Maxd[k]=max(Maxd[k*2],Maxd[k*2+1]) va
Mind[Kk]:=min(Mind[k*2],Mind[k*2+1]);

Khi mudn tim két qué thi dya vao mang Maxd dé tim GTLN trén doan A..B, ding mang Mind dé
tim GTNN trén doan A..B, viéc nay lam tuong tuy nhu trong vi du cua bai viét gidi thiéu vé Interval
tree phia trén. Chd y 12 khi tim max hay tim min ta déu phai di dén nhitng nit giéng nhau( do di
dén nhitng nit nao thi chi phy thuoc A va B) nén mdi 1an tim chi can goi chung 1 thu tyc.

Gi4 tri 16n nhat(QMAX)
Cho mét day gom n phén tir ¢6 gid tri ban dau bang 0.

Cho m phép bién ddi, mi phép c6 dang (u, v, k): ting mdi phan tir tir vi trf u dén vi tri v 1én k don
vi.

Cho q cau hoi, mdi cau c6 dang (u, v): cho biét phan tir c6 gia tri I6n nhét thudc doan [u, v]
Gidi han

n, m, q <= 50000

k>0

Gid tri ciia mot phan tir luén khong vuot qua 2°'-1

Input

Dong 1: n, m

m dong tiép theo, mdi dong chira u, v, k cho biét mot phép bién dbi
Dong thtt m+2: p

p dong tiép theo, mdi dong chira u, v cho biét mot phép bién doi
Output

Gom p dong chira két qua twong tng cho tirg ciu hoi.

Example

Input:
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62
132

463

34

Output:

Thuit toan:

Bai nay thi ta c6 m phép bién dbi ting day trudc réi méi yéu cau tim gid tri 10n nhét trong céc doan
chtr khong phai xen k& nhau, vi vy ta s& tim cdch x4y dung day sé sau m phép bién d6i. Khi c6
dugc mang gid tri sau m phép bién doi, cong viéc con lai cua ta 12 tao 1 cdy interval tree véi mdi
nit lwu gid tri 16n nhat cua doan ma né quan 1f trong khi cdc phan tir cia mang da xéc dinh, voi mdi
truy van tim GTLN thi ta c¢6 thé lam khong miy khé khan.

Van d& bay gio 1a xay dung ddy s sau m phép bién dbi.
Ta c6 thé st dung 1 ki thut don gian nhiing rat hiéu qua nhu sau.
Gia sir mang ta can c6 1a mang A[0..n+1], lic dau A[i]=0 véi moi i.

Moi yéu cu u,v.k tic 1a tang cac phﬁn tr tr vitri u dén vi tri v 1én k don vi, ta lam nhu sau:
Alul:=Alu]+k;A[v+1]:=A[v+1]-k;

Sau khi doc xong m phép bién d6i va 1am nhu trén, cudi ciing 1a tinh mang A:
For i:=1 to n do
Ali]:=A[i]+A[i-1];

Céc ban c6 thé ty chimg minh tinh dting dn hay c6 thé viét doan chuong trinh nay ra va kiém
nghiém lai. Nhu vay ta dd c6 thé giai quyét tron ven bai toan.

Gia tri 16n nhat ver2(QMAX2)

Giong bai "Gid tri 16n nhat" & trén.

193




Mot so van De Pang chi y trong mén tin hgc

Input

- n: 80 phan tir cia ddy (n <= 50000).

- m: s6 lugng bién doi va cau héi (m <= 100000).
+) bién ddi c6 dang: 0 x y value
+)cauhdicdédang:1xy.

Output

Ghi ra tra 16i cho 1an luot timg céu hoi.

Example

Input:
63
0133

0464

Output:
4
Thuit toan:

Bai nay khéc bai QMAX & trén 1a cdc phép bién ddi va cac cau hoi xen k& nhau, vi vy ta khong
thé tao trudc 1 cly interval dugc. Dé giai quyét bai todn nay, ta can phai thuc hién cap nhat ciing
nhu Iy két qua xen k& nhau. Nhung & ddy thi cdc cong viéc nay khong hé don gian.

Vira c6 duoc két qua, ta cling can phai dam bao 2 cong viéc nay khong duoc ¢ do phirc tap vuot
qué log(n).

Dé 1am bai nay, ta goi F[k] 1a gid tri 16n nhat trong doan ma niit k quan i, trong lic cap nhat, muén
dam bao thu tyc nay khong vuot qua log(n) thi khi di dén 1 nit ma ndm gon trong doan x..y thi ta
khéng duge di vao cdc niit con ciia né nita( néu khong sé di dén tat ca cc doan c6 trong doan x..y
va d6 phtc tap ty 1€ véi n). Néu nhu vay, ta cinco 1 mang phu T dé Ivu lai gid tri can tang 1&€n cho
tat ca cic phan tir ciia doan nay, khi ta truy van dén 1 nit k dong thoi ta tang T[k] 1én cho T[k*2],
T[k*2+1] va F[k]. (do T[k] la gia tri can tang 1&€n cho tat ca nhitng phf?m tur cila doan nit k quan Ii,
nén céc nut con cua nd ciing phai tdng 1én T[k]). Sau khi dd cap nhat cho mang F va céc niit con, ta
gan lai T[k]=0 dé tranh truong hop cong lai nhiéu 1an. Néu da dén doan nam gon trong doan x..y
thi ta ting mdi bién F[k], T[k*2], T[k*2+1] 1én v. Khi mubn 14y két qua, ta van lam nhu bai
QMAX, nhung dén mdi nit con, ta van can thyc hién tang gia tri T[k] cho T[k*2], T[k*2+1] va
F[k] dé 1y duoc két qua. Tirc 12 khi dén duoc 1 niit ndo d6( trong bét ki thao téc nao, cap nhat hay
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14y két qua) thi déu thuc hién nhu vdy. Piéu nay dam bao 1a ta c6 thé 1y dwoc gid tri chinh xéc,
day 12 kiéu cy IT c6 thong tin truyén tir nit cha xudng niit con. Cac ban c6 thé tham khao chuong
trinh dé thay ro hon.

Bat den(LITES)

Biéc John giit cho dan bo thong minh bang cach dé chiing choi cdc d6 choi phit trién tri tu¢. Mot
trong céc tro choi la cidc ngon den trong chuong. Moi trong s6 N (2 <= N <= 100,000) con bo dugc
danh so tir 1..N c6 treo mdt ngon dén mau.

Viao dau budi tdi, tat ca den déu tat. Dan bd diéu khién cdc ngon den bang N cong tic; bAm cong
tac i doi trang théi ctia den i tir tat sang bat hodc nguoc lai.

ban b(‘) doc va thuc thi mot danh sach gém M (1 <=M <= 100,000) thao tdc md ta bdi mot trong
hai s6 nguyén (0 <= thao tic <=1).

Thao tic thir nhat (md ta boi s6 0) theo sau boi hai sé nguyén S_i va E_i (1 <= S_i <= E_i <= N)
cho biét cong tac dau va cong tac cudi. Pan bo s€ bam mai cong tac tir S_i dén E_i diing mdt lan.

Thao tdc thir hai (m6 ta boi s 1) yéu cau dan bd dén xem ¢6 bao nhiéu ngon dén giira S_i va E_i (1
<=S_i<=E_i <= N) dang bat. Hay gitp bac John dam bao rang dan bo tra 16i ding bang cach xu
1y danh sach va tra vé cic két qua ding.

Dir liéu
* Dong 1: Hai s6 nguyén céch nhau boi khoang tring: N va M

* Dong 2..M+1: M&i dong chtra mét thao tic voi ba sb nguyén céch nhau boi khoang tréng: thao
tac, S_i, vaE_i

Két qua
* Dong 1..s0 truy van: V&i moi truy van, in ra két qua 1a mét s6 nguyén trén mot dong.

Vidu

Dt liu:
45
012
024
123
024
114

Két qua:

1
2
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Thuit toan:
Ta c6 thé sir dung INTERVAL TREE dé lam nhu sau:

Bai nay c6 tu tuong kha gidng voi bai QMAX2, thong tin duge truyén tir niit cha xubng niit con
bat ctr khi nao c6 thé. Ta c6 1 mang B kiéu logic, B[i]=true nghia I nhitng dén trong doan ma niit
thir i quan If can thay ddi trang thdi. Khi dén 1 niit, néu b[i]=true thi cAn thay di trang th4i cta
B[i*2] va B[i*2+1] dong thoi gdn lai B[i]=false( da thyuc hién thay ddi rdi thi phai gan lai false),
néu goi mang sl[i] 12 s6 lwong dén dang bat trong doan do niit i quan 1i thi néu gip b[i]=true phai
tién hanh sira sl[i], sl[i] hién tai 12 gid tri cta sé den dang tit( do khi thay ddi trang thai thi bat
chuyén thang tit). Vay chi can 1 phép trir 1a ¢6 thé tinh duoc s6 lugng den dang bat trong doan.
Céc cong viéc nay can lam & dau & ca 2 thi tuc cap nhat va lay két qua.

Khi thyc hién thao tdc cap nhat két qua cho doan x..y thi néu gip nhitng doan nam gon trong x..y
thi ta lai thuc hién thay doi trang thai nhu trén. Phan 1y két qua thi khong khé, cdc ban chi can nhé
1a trong thu tyc 14y két qua ciing can thyc hién truyén thong tin tir niit cha cho nit con( bat cit khi
nao c6 thé).

A Marble Game(MARBLE)

Trong nhitng ngay he ranh rdi, ktuan thudng choi ban bi trén mot bang hinh vuéng gdm NxN 6
vuong nhd. Tro choi dugc thuc hién nhu sau:

e Ban dau, ktuan dat K vat can vao K 6 vudng cia bang.

e Sau d6, ktuan thyc hién 1an Iuot Q lugt choi. O luot choi thi i, ktuan 1an Iuot ban D; vién bi tir ngoai
bang vao mot trong 4 dudng bién ctia bang. Kich thudc ciia mdi vién bi diing bang kich thudc cta
mdt 6 vudng nhoé. Vién bi s& di qua cdc 6 thude cting mot hang / cot cho dén khi di ra ngoai bang
hodc gip mot vat can hay vién bi khac. Néu c6 vat can hay vién bi khac & ngay 6 dau tién thi vién
bi d6 khong dugc dua vao bang.

o O mdi luot ban, ktuan ghi lai tong s6 6 ma cic vién bi da di qua.

Ban hay viét chuong trinh mo6 phong lai tro choi va véi moi lugt ban, in ra tong s6 6 ma cac vién bi
cua luot ban d6 da di qua.

Dit liéu
e Dong dau ghi 3 s6 N, K, Q.

e K dong sau, mdi dong ghi mot cap ) (u,v) thé hién toa d (dong, cdt) ctia mot vt can.
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e Q dong sau, mdi dong ghi 4 gid tri ¢, D, u, v. Ky tw ¢ ¢6 thé 1a ‘L', 'R', 'T', hodc 'B' cho biét vién bi
dugc dua vao tir bién trdi, phai, trén hodc dudi cua bang. (u,v) thé hién toa do 6 dau tién ma vién bi
duogc dua vao. Pay phai 1a mot 6 ndm trén bién ciia bang tmg véi ky tu c. D 12 s6 luong vién bi s&
bén & luot choi nay.

Ket qua
¢ Vi mai luot choi, in ra tong s6 6 ma cac vién bi cia lugt d6 da di qua

Vidu
Dir li¢u
513
33

L231
T111
B555

Két qua
3

2

25

Giai thich
e Vién bi dau tién cta Iuot 1 s€ di qua 2 6 (3,1) va (3,2) trudc ghi gap vat can ¢ 6 (3,3)

e Vién bi tiép theo ctia luot 1 s& di qua 6 (3,1) trudc khi gap vién bi & 6 (3,2). Vay téng s6 6 bi di qua &
luot nay 1a 3.

e Vién bi dau tién cta lugt 2 s€ di qua 2 6 (1,1) va (2,1) trude khi gap vién bi 6 6 (3,1).

e M&i vién bi ciia lugt cudi ciing déu khong gap vat can va s& di ra ngoai bang sau khi di qua 5 6.
Gio6i han

* N <50000, K <10, Q < 100000

e Trong 1/3 s6 test, N va Q khong vuot quéa 1000.

e Thoi gian: 3-10s/test.
Thuit toan:

Vi mdi 14n bén, ta can phai tim duoc 6 chudng ngai vat du tién. Bai nay ciing ¢6 tu tudng twong
tu bai QMAX2, thong tin truyén tir nit cha xudng nit con, nhung 1 diéu dic biét 1a chiing ta chi
can thong tin ctia nhitng doan 1 phan tir( do ban chi trén 1 duong thang). Vi vay thong tin chi dugc
truyén xudng ma khong truyén 1én. Thao téc tim chudng ngai vat dau tién trén duong ban thi khong
c6 gi khé khan.( ctr di mai cho dén nut quan Ii hang/cdt hién tai). Phan con lai 1a phéi c@p nhat sau
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khi ban, thao tic nay lam nhu QMAX2, phai truyén thong tin cho céc nit con bt cir khi nao c6 thé.
Viy ta cin 4 cdy INTERVAL TREE, H1,H2,C1,C2 véi y nghia:

H1: Quan If theo hang, gia st niit k quan I{ tir hang i dén hang j thi H1[k] 1a chi s6 cot nho nhat
trong céc chi s6 ¢t ¢6 chudng ngai vét tir hang i ¢én hang j. H1 diing dé xac dinh 6 chudng ngai
vat dau tién trong thao tic ban L.

H2: Tuong tw HI nhung thay bang chi s6 16n nhat. H2 ding dé xdc dinh 6 chuéng ngai vat dau tién
trong thao tic bin R.

C1: Tuong ty H1 nhitng C1 quan Ii céc cot va C1[k] 1a chi s6 hang nho nhat c¢6 chudng ngai vat tir
cot i dén cot j. C1 dung dé xdc dinh 6 chuéng ngai vat dau tién trong thao téc bén T.

C2: Tuong ty C1 nhung 1a chi s6 hang 16n nhat. C2 diing dé x4c dinh 6 chudng ngai vat dau tién
trong thao tic bin B.

Céc ban ciing c6 thé thay 4 cdy bang 2 cay(H va C) nhung mdi cdy c6 2 thdng tin 1a chi s6 nhé nhét
va 16n nhit ciia cot/hang.

MBOi khi ¢6 thao tdc bin L va R, sau khi xdc dinh duoc hang i s€ thém nhiing vién bi tlr vi tri nao
dén vi trf nao thi thyc hién cap nhat trén 2 mang H1, H2. Tuong ty véi 2 thao tac con lai, lic nay ta
cap nhat trén 2 mang C1, C2.Cudi ciing xin luu ¥ cdc ban nhitng truong hop ma khong c6 chudng
ngai vat trén hang hodc cdt, khi d6 ta khong can cap nhit, va két qué chinh 1a d*n. C4c ban cling
can chd y nhing truong hop ma sé 6 dua vao nhidu hon s6 6 tdi da c6 thé dua vao hang/cot, liic
nay ta chi két qua cho nhing 6 dwa dugc vao bang thoi( 1 s6 6 bi bén ra ngay khi gip chuéng ngai
vat & bién). Bai nay céc ban nén khai bdo két qua kiéu int64 dé tranh bi tran sb.
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BINARY INDEX TREE( BIT)

C6 1 loai cau tridc dit liéu thuong dugc sir dung dé thay thé cho INTERVAL TREE trong 1 vai
truong hop, d6 chinh 1a BINARY INDEX TREE( ciy chi s6 nhi phan), thuong viét tit 1a ciy BIT.

Tén cua n6 1a ciy chi s6 nhi phin, vi vdy ma ta lién tuéng ngay dén su biéu dién céc so trong mdy
tinh bang hé nhi phéan, gobm céc bit 0 va 1.

Cay BIT duoc dinh nghia 1 cah d¢ quy nhu sau:
-Néu i 1¢ thi cha[i]=i+1;
-Néu i chén 1a thi cha[i]:=cha[i div 2]*2;

Sau day la hinh 4nh cua 1 cay BIT.

/@/@)

060 0F@@®®®

Nhin vao dinh nghia ndy ta c6 thé thiy, cha[i] 12 c6 dinh, phu thudc truc tiép vao gid tri ciia i. Mdi
ciy BIT chi can 1 mang 1 chiéu O(N) dé luu trix, it hon INTERVAL TREE khoang 4 lan.

Ta can thuc hién 2 thao tac co ban sau tur nut 1.

1: Tinh cha[i]. Pinh nghia dé quy 12 nhu vay, nhung dé d& hinh dung, céc ban c6 thé tuéng tuong,
chali] s& duoc tinh bang cich thay s6 0 & trudc nhém nhirng s6 1 k& nhau phai nhat bang s6 1,
d6ng thoi thay nhém nhiing s6 1 k& nhau nay thanh nhém céc s6 0.

VD: cha[5]=6 vi 5=101, thay s6 0 truéc s6 1 phai nhat =1, dong thoi s6 1 phai nhat trd thanh s 0.
Vay ta c6 110=6.
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Cha[38]=40 vi 38=100110, sau khi thyc hién thay nhu trén, ta cé day bit ldc nay 1a
101000=40.

Tuong ty nhu thé ta c6 cha[6]=8(110->1000).Véan dé 1 1am sao dé thyc hién thao téc nay
hiéu qua nhat, néu 1am nhu thong thudng thi ta phai mat log(i) trong mdi thao tic tinh chali],
nhung ta c6 thé sir dung 1 s6 cong thirc todn hoc da dwoc ching minh. 1 cong thirc rat don gian,
hiéu qua va dé nho thuong duoc st dung la: cha[i]=i+i and(-i);

2: Truy xuat dén nit j 12 nit 16n nhat nho hon i nhung khong phai 12 nit con chau cua i.

Dé truy xudt dén j, ta thyc hién thay bit 1 phai nhat cia i bang bit 0. VD nhu néu i=6=110 thi
j=100=4. Diéu nay ta ciing c6 thé 1am chi bang 1 phép tinh. Pay ciing 1a 1 cong thirc rat don gian
va hiéu qua: J=i-i and(-i).

Ta thidy mdi truy xuat ta chi sir dung céc phép todn bit hodc 1a phép +,-. Chinh vi thé ma ciy BIT
hoat dong rat nhanh.

Bdy gio ta s& tim hiéu vai trd ctia 2 thao tac trén. Trong ciy BIT thi thong tin dugc luu trir ¢ 1 nit
12 clia né va tat ca cdc niit con. Vi vdy thao tic ddu tién, truy xuat dén chali] 1a dé cap nhat thong
tin.

Nhur thé thi thao tic thir 2 chic chén 1a ding dé 14y thong tin. Nhung thong tin dugc liy trong ciy
BIT la thong tin tir 1 dén i, chir khong phai ldy trén doan i..j bt ki. Mdi l4n truy xuat dén niit j, ta
lai tong hop nhitng thong tin can thiét. Cir thé cho dén khi niit j ta tinh dugc =0.

D¢ cic ban dé hinh dung, ta s& xét bai toan sau day:
Cho 1 diy n phén tir, thyc hién 2 thao téc sau.

1: Gén gia tri v cho phf?m tr & vi tri 1.(1<=i<=n).

2: Tinh tong tir a[i] dén a[j] bat ki (1<=i<=j<=n).
Gidi han:

N<=100000;

S6 luong thao tic: M<=100000.

Liic d4u coi nhu cic phan tir ¢6 gid tri=0.

Huéng dén:

Néu 1am theo céch théng thuong, dé dang nhan ra do phuc tap thuat toan trong trudng hop xau nhat
12 0(n*m), khong thé thuc hién trong thoi gian cho phép.

Bdy gio ta s& tim hiéu c4ch sir dung cdy BIT vao cho bai nay.
Goi T 1a mang chira ciy BIT, luu thong tin, A 13 mang gid tri cic phan tir.
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- Vi thao tac 1. Gia su gid tri hién tai ctia a[i] 12 u thi ta coi nhu thao tac nay tang a[i] 1én v-u. Khi
cép nhat ta phdi cap nhat cho niti va tat ca c4c to tién cua i, cho dén khi vuot qua n. Thu tuc
update nhu sau:

Procedure update(i,v:longint);
Begin
While i<=n do
Begin
T[i]:=T[il+v-alil;
I:=i+i and(-i);
End;
End;

- V6i thao téc thtr 2, do ciy BIT chi c6 thé Iy thong tin ciia doan 1..i, nén dé tinh tong cta a[i] dén
a[j], ta sé tinh tong tir 1 dén j, sau d6 trir di tong tir 1 dén i-1. Sau déy 1a thu tuc dé tinh tong tir 1
dén vi tri 1 bat ki.

Procedure getsum(i:longint);
Begin
Sum:=0;
While i>0 do
Begin
Sum:=sum+T[i];
I:=i- i and(-1);
End;
End;

Vay 1a ta dé c6 trong tay 2 thi tuc chinh, phan con lai céc ban c¢6 thé d& dang cai dit. Do phuc tap
thuét toan 1a O(m*log(n)).Qua day ta théy cay BIT rat dé cai dat, cac thu tuc nhin rat sédng sua,
nhitng cong thirc tinh ciing d& nhé, vi vy ma né rat hay duoc dung trong nhiing truong hop cé thé
thay thé cho INTERVAL TREE. Ta ciing d& dang nhén thdy, nhitng bai nao lam dwoc bang ciy
BIT thi ciing lam dugc = INTERVAL TREE, nhung diéu nguoc lai thi khong diing. Vi vy phai
can nhic that ki trude khi cdc ban dinh lya chon 1 trong 2 kiéu céu tric dir liéu nay.
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Coder Rating(CRATE)

Cho danh séch N 13p trinh vién (1 <N <300000), dnh s6 1an luot tir 1 dén N. Mi nguoi
déu tham gia ca hai giai thi dau: Giai THPT va giai Mo rong. Voi moi lap trinh vién, ban
s€ dugc cung cap diém sb cta giai Mo rong Ai va diém sd cua giai THPT Hi (Cdc diém s
déu 1a s6 nguyén khong am va khong vuot qua 100000). Lap trinh vién i dugc coi la gioi
hon 18p trinh vién j khi va chi khi ca 2 diém sd cua 1ap trinh vién i deu 16n hon hoic bang
diém s tuong Ung cua lap trinh vién j, trong do co it nhét 1 diém s6 phai 16n hon. Hay tinh
xem voi moi 1ap trinh vién i thi cé bao nhiéu lap trinh vién ma i giéi hon.

Input

Dong dau tién chira s6 nguyén N.

N dong tiép theo, dong thir i+1 chtra 2 s6 nguyén Ai va Hi.
Output

Dong i chira s6 lugng 14p trinh vién ma 1ap trinh vién i gioi hon.

Example

Input:

8

1798 1832
862 700
1075 1089
1568 1557
2575 1984
1033 950
1656 1649
1014 1473

=)
=
=3
=
=
-

—_— = J kRO

Thuat toan:
Bai nay chiing ta c6 thé sir dung ciy BIT giai quyét nhur sau:

-Séap xép ca mang A va mang H theo chiéu ting dan ctia mang H.( tirc 1a khi so sanh thi chi so sanh
trén mang A nhung khi ddi chd thi phai ddi chd ca 2 mang dé dam bao A[i] va H[i] lu6n 1a diém
cua cung 1 ngudi). Néu H[i] =H[j] thi sép tang theo A[i] va A[j].
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-Nhiing l4p trinh vién nio c6 cling s diém ciia ca 2 mén thi ta chi ldy 1 1an, tirc 1a chi 14y dai dién
dé xét, nhitng ngudi cling s6 diém khac thi c6 két qua bang két qua ctia dai dién( do yéu cau lap
trinh vién i gi6i hon l4p trinh vién j 12 phai c6 it nhat 1 mén c6 diém cao hon). Khi ldy dai dién, ta
phai c¢6 thém 1 mang D dé dém s 1ap trinh vién c6 s6 diém = sé diém dai dién nay. Sau khi thyuc
hién xong, bai todn cua chiing ta bay gio chi 1a dém s6 1ap trinh vién j tir vi tri 1 dén i-1 c6
Aljl<=A[i].( Do B[j]<=B[i] va A[jl<=A[i], hon nita khong thé xay ra dong thdi 2 ddu =, vi vy ma
lap trinh vién i s€ gioi hon 14p trinh vién j).

Céc ban diing cay BIT cép nht ciing nhu 4y két qua khong miy khé khin. Sau khi 1iy dugc két
qué hién thoi, céc ban phai dua vé két qua bai todn yéu cau, tirc 1a phai dwa ra theo thir ty tir 1 dén
n( do khi sép chiing ta da thay doi thtr tu ctia céc 14p trinh vién, chwong trinh cin diing 1 mang v
v6i y nghia v[i] 1a vi trf lic d4u ciia 1ap trinh vién thi i, mang v ciing duge ddi chd trong qua trinh
sép xép).

Day nghich thé o dai K(KINV)

Cho day N $b ngu}{én duong A[1], ... A[N]laméthodanvicual,2,3,...N.
Mot day nghich the dérdﬁi kla1day A[j1] > A[j2] > A[3] ... >A[k] véijl <j2<j3 ... <
jk . Hay dém xem c6 tat ca bao nhiéu day nghich thé d6 dai k .

Input

Dong 1 : ZSérnguyéndu’onngék(2§N§ 10000,2<k<10).
Dong 2 : N s0 nguyén duong A[1] ... A[N].

Output
Gia sir T 12 s6 lwong day nghich thé c6 d6 dai k , hdy ghi ra T mod 1079 .

Example

Input:
32
321

Qutput:
3

Thuat toan:

Bai nay c6 thé giai quyét = quy hoach dong két hop sir dung ciu tric dit liéu, & day ta sir dung ciy
BIT. Goi F[i,j] 12 s6 luong day nghich thé d¢ dai i va két thic & vi tri j. Vay F[i,j] s& dugc tinh tir
céc Fi-1,j1] v6i j1 tir 1 dén j-1 théa mén a[j1]>a[j]. Khi tinh F[i,j] thi Iam tuong ty NKINV, nhung
ldc cép nhat thi khong phai 1a cong thém 1 ma cong thém F[i,j].

Két qua 12 tong cua cdc F[k,i] voii tir 1 dén n.
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Diy nghich thé( NKINV)

Cho mot day s a;.. an. MGt nghich thé 1a mét cdp s u, v sao cho u < v va a, > a,. Nhiém
vu cua ban 1a dém s6 nghich thé.

Dir liu

e Dong dau ghi s6 nguyén duong N.

o N dong sau mdi dong ghi motséa; (1 <i<N).

Két qua
Ghi trén mot dong s& M duy nhat 12 sé nghich thé.

Gidi han

* 1 <N <60000

¢ 1 <a; <60000

Vi du

Dir liéu:
3

N — W

Két qiia
2

Thuit toan: “
Bai nay cic ban c6 thé sit dung INTERVAL TREE hoac BINARY INDEX TREE dé giai quyét
déu duoc, & ddy ching ta tim hiéu cdch st dung cdy BIT.

Pén 1 vi trf i nao do, ta can tinh dugc ¢6 bao nhiéu vj tri j thude doan tir i+1 dén n ma a[jl<ali].
Cho 1 vong for downto tir n v& 1, &én mdi vi tri i , dau tién ta tinh s6 vi tri bang cdch iy thong tin
v6i niit ban dau 12 nit thi afi]-1( do ta tim tit ca nhing vi trf ¢6 a[j]<ali]), cap nhét giam dan vé 0,
dén mdi nt lai cong vao két qua gid tri & ndt d6. Khi cap nhat, ta cap nhat v6i niit ban dau 1a nit
a[i], tién hanh cap nhat dén khi nao qua gid tri max trong day( & day c6 thé liy max=60000 ciing
dugce), téi mdi nit ta cong thém 1 vao gia tri & nit do.

Bai nay cic ban cling c6 thé vira doc vira xtr 1, véi mdi vi tri 1, tinh sb vi tri jtorl dén i-1 c6
a[j]>a[i]. Pé 1am diéu nay, voi mdi vi tri i, cdc ban phai 1am nguoc véi cich dau tién, tic 12 khi lay
két qua thi nit ban dau 12 a[i]+1 va ta truy van dén cha ctia n6, dén khi qua gi tri max, con khi cap
nhat thi nit ban dau 12 a[i] va cap nhat giam dan vé 0.
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Trong ca 2 truong hop thi bg nhé 0(60000) va do phirc tap thuat toan 1a khoang O(n*1og(60000))

NKBOBILE

Céc tram di dong thé hé 4 & Tampere hoat dong nhu sau. Ca khu vuc dugc chia thanh céc
6 vudng. Céc 6 vudng tao thanh mot bang SxS véi cdc dong va cot ddnh sd tir 0 dén S-1.
Mbi 6 vudng chira mot tram di dong. S6 dién thoai di dong hoat dong trong mot 6 vudng
c6 thé thay d6i vi dién thoai ¢6 thé chuyén sang 6 vudng khic hodc thay doi trang thai
bat/tit. Khi c6 thay doi, m01 tram di dong s€ thong bdo cho trung tdm. Tai mot s6 thoi
diém, trung tAm cén truy van tong s dién thoai dang hoat dong trong mot viing dién tich
hinh chir nhat nao doé.

Haiy gitp trung tim nhan céc thdng bdo tir tram va tra 101 cdc truy vén.
Dir liéu

GOm nhiéu dong, mdi dong chtra céc chi thi cho chuong trinh. C6 3 loai chi thi 0, 1, 2, 3
nhan cdc tham s6 va thuc hi¢n cic nhiém vu twong trng nhu sau:

Chi thi Tham s 'Y nghia

0

1
2
3

Khoi tao bang SxS chira toan bo $6 0. Chi thi nay chi dugc cho mdt lan duy nhét & dau chuong trinh.

Cong A va s6 dién thoai hoat dong ¢ 6 vuong (X, Y). A c6 thé Am hodc duong.

LBRT Truy van téng s6 dién thoai hoat dong 6 cac 6 vudng (X, Y) voiL<X<R,B<Y<T

Két thiic chuong trinh. Chi thi nay chi duoc cho mot 1an duy nhat & cudi chuong trinh.

Gid trj ciia mot 6 ludn khong Am tai mdi thoi diém. Céc chi sé bat dau tir 0, nghia 13 véi
mot bang 4x4,tac6 0<X<3,0<Y <3.

Két qua

V6i mdi chi thi loai 2, in ra mot dong gdm mét sd nguyén duong tra 1i cho truy van twong
ung.

Gidi han

*1<S5<1024

e Gi4 trji cia mot 6 tai moi thoi diém ludn thude pham vi [0, 32767].
¢ -32768 < A < 32767

e S6 chi thi thudc pham vi [3, 60002].

o Tong s dién thoai trén toan bd bang khong vuot qua 2%

Vi du
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D& liéu
0 4
1123
20022
1112
112 -1
21123
3

Két qua
3

4

Thuat toan:
Chting ta s& tim hiéu thuét todn ding BIT2D( ding ciy BIT 2 chiéu) cho bai nay.

Néu cay BIT thong thuong 1a 1 chiéu thi BIT2D diing 1 mang 2 chiéu, khi cép nhat hay lay két
qué ta thuc hién trén ca 2 chidu. Lic cap nhét hay 1y két qua, dau tién ta di dén nhirng nit thudc
chiéu thir nhat, véi mdi niit nay, ta lai di dén nhitng nit thugc chidu thir 2. C6 thé hiéu don gian Ia
BIT2D 1a 1 cay BIT, mdi niit ctia cAy BIT nay quéan Ii 1 cAy BIT khéc.

Tré lai v6i bai todn, dé d& dang va thudn tién hon, ta s& ddnh s6 lai chi s6 dong va cot bt dau tir sb
1 chtr khong phai s6 0.

-V i mdi thao tdc cap nhat & 6 X,Y ta lai cAp nhat 2 chidu vé phia S, dén mdi niit lai cong gid tri &
nut dé thém A.

-Lay két qua: Do didc diém ciia cAy BIT la chi ldy két qua bat dau tir 1. Vi vay véi mdi thao tic lay
Két qud L,B,R,T ta lai tinh trung gian nhu sau:

Kq[L,B,R,T]:=Kq[1,1,R,T]-Kq[1,1,R,B-1]-Kq[1,1,L-1,T]+Kq[L-1,B-1]( cic ban c6 thé ty chiing
minh tinh diing dén). Vi mbi thao tic 1ay két qua tir 1,1 dén X,Y ta ciing ldy theo 2 chiéu di v& 0,
dén mdi niit lai cong vao két qua gid tri & nit d6. Cac ban c6 thé tham khao chuong trinh mau dé
hiéu o hon.

Nhur véy ta thdy, BIT2D khong khéc nhiéu so véi BIT théng thuong, chi khac 1a cdc ban quan 1i
trén 2 chiéu 16ng nhau.
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Team Selection(NKTEAM)

Céc truong doan doi tuyén tin hoc viing Balkan mu6n chon ra nhiing thi sinh manh nhét
trong khu vyc tir N thi sinh (3 <N < 100000). Cdc truong doan t6 chure 3 ky thi, m01 thi
sinh s& tham du ca 3. Biét rang khong ¢6 2 thi sinh nao c6 cung diém sd trong mdi ky thi.
Ta néi thi sinh A giéi hon thi sinh B néu A duoc xép hang truée B trong ca 3 ky thi. Mot
thi sinh A dugc goi 12 xuit sic néu nhu khong cé thi sinh nio gioi hon A.

Yéu cau: Hay gitp céc truong doan dém sd thi sinh xudt sic.
Dir liéu vao
e Dong thtr nhit chtra 1 s6 nguyén dwong N.
¢ 3 dong sau, m(:)i’ dong chura N sér nguyén duong cdch nhau boi khoang trang, 12 chi s6 cua cdc thi sinh
theo thir ty xép hang tir cao dén thap cua ky thi tuong tng.
Két qua

Gom 1 s6 nguyén duy nhat cho biét s thi sinh xuét séc.

Vidu

Dir liéu miu
3

231

312
123

Két qia
3
Khong c6 thi sinh nao gioi hon thi sinh khéc nén ca 3 thi sinh déu xuat sic.

Dir liéu miu

10
25381071694
12345678910
38710541269

Két qiia
4

Thi sinh 1, 2, 3, 5 1 nhiing thi sinh xut sic.
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Thuat toan:

Néu tiép can truc tiép bai todn voi cdc thong sd cua da cho thi rat khé khan. Sau day ta s&
chuyén dir li¢u vé 1 dang twong duong ma ta c6 thé giai quyet bai toan dé dang hon:

Goi A,B,C1a 3 mang 1 chiéu véi y nghia nhu sau: A[i],B[i ] [ ] 1a thtr tu cua nguoi thir i
trong 3 ki thi trong tng. Ta c6 thé xay dung 3 mang nay rat d&, chang han nhu A[i]=j khi
s6 thir j ciia hang chira diém mén thi du tién 12 i, cdc mang B va C xay dung tuong ty. Sau
khi xdy dung duoc 3 mang nay, bai todn dugc phat biéu lai 13 tim s6 thi sinh ma khong c6
thi sinh nao c6 gid tri ctia cd 3 mang nho hon nd. Tur d6 ta cé thuat toan s dung Binary
Index Tree nhu sau:

-Goi mang T 1a mang luu thong tin cua cay BIT.

-Dau tién sap xép ting dan 1 mang bat ki, 2 mang con lai ctng phai dbi chd theo dé dam
bao A[i],B[i],C[i] lu6n la thir ty cua 1 hoc sinh trong 3 ki thi. O day gia sir ta sap Xep mang
A. Sau khi sip xép mang A, ta chi can tim so vi trf i ma khong ¢6 vi tri j ndo tir 1 dén i-1 ¢6
B[j]<Bli] va C[j]<C[i]( Do A[j]<A[i] nén néu c6 vi tri i thGa man diéu kién trén thi da c6 1
thi sinh xép cao hon thi sinh & vi tri i trong ca 3 ki thi.

-Lic cdp nhat, ta cdp nhat gid tri min cua mang B, nhung lai cap nhat trén mang C. Nghia
1a ta s€ cap nhat vdi nidt bat dau 1a C[i], cap nhat dén khi qua n, khi dén mo6i 1 nit nao x (;I(’)
ma gid tri T[x]>B[i] thi gén lai T[x]:=B[i]. Vay lic dau ta gan T[i]=n+1 véi moi i tir 1 dén
n.

-Lic 14y két qua, ta s& c6 nit bat dau 1a C[i], bat dau di vé 0, néu dén 1 nit x ndo d6 ma c6
T[x]<Bl[i] thi thi sinh & vi tri thir i khong 1a thu khoa dugc. Ta s€ chirng minh i khong phai
1a thu khoa: Do khi da tim dugc ntt x ¢6 T[x]<B[i], gid st T[x]=B[j] nao dé thi ta c6 j<i(
thi méi cap nhat dugc Ién, do ta cho for tir 1 dén n), vi vay A[jl<Al[i]. Thém nfira, C[j]<C[i]
do qud trinh cap nhat trén cay BIT cua ta, néu C[j]>C[i] thi khi di tir C[i] di vé phia 0 s&
khong bao gio ¢6 thé dén 1 nit x c6 T[x] =B([j]( do khi cép nhat thi ta cap nhat [én, tic 1a di
vé phia n). Vay c6 1 thi sinh j ¢6 ca 3 chi s déu nhé hon cta thi sinh i nén thi sinh i khéng
phai la thu khoa.

-Khi di c6 thu tuc kiém tra xem i c¢6 phai thu khoa hay khong thi bai todn co ban da hoan

tat, chi c6 thém 1 luu y nho, khi sip xép mang , c6 thé ding thuat todn 0(n) dé sap, do céc
phan tur c6 gid tri khic nhau va déu khong vuot qua n.
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VAN DE: CAC LOI TRONG PASCAL (ST)

1. LAi ct phdp 1a nhimg 18i phét sinh do 14p trinh vién viét sai nhitng quy Pinh vé vin
pham cua hé théng hoic ngdn ngit. Thi du céc 16i sau Day 1a nhitng 16i cd phap:
- (a+ b *2: thiéu dau Pong ngoac
- BEGIM: Pinh viét BEGIN, sai N
2. Xirly 16i. Léi ci phap Pugc phat hién trong qua trinh dich. Turbo Pascal 5.0 bdo 16i
cd phap theo nguyén tic M01 1an chi bdo mot 16i".
Néu gap 16i ta can tro vé ché Do soan thao, tim vi tri xut hién 16i, sira lai 16i D6 roi
dich lai chuong trinh.
Sau khi bdo 15i, Turbo Pascal s& cho ta bAm phim ESC De trd vé ché Do soan thao.
Con tro cia man hinh soan thao s€ Pat ¢ canh vi tri Xuét hién 14i, thong thuong qua bi
1 ky tu.
3. Céc thong bdo 16i thudng gip va goi ¥ khac phuc.
Loi 1. Out of memory: vuot ra ngoai mién nhé. Chuong trinh dich thiéu mién nhé. Vai
goi y khéc phuc:
a. Néu muc COMPILE/DESTINATION (noi Pt chuong trinh Dich tirc 1a chwong
trinh D4 Pugc dich ghi trong tép cling tén véi chuong trinh nguén nhung ¢6 phan mé rong
12 .EXE) Pang it 1a MEMORY hiy Déi thanh DISK bang céch bAm phim
ENTER (con goi 1a phim RETURN).
b. Néu muc OPTIONS/COMPILER/LINK Pang Dit 1a MEMORY hiy Déi thanh
DISK bang céch bAm phim ENTER.
¢. Bo céc chuong trinh thuong trd, ching han SIDKICK, NC v.v.
d. Thur ra khoi TURBO.EXE, dich lai chuong trinh ctia ban véi 1énh TCP nhu
sau:
TCP <tén chuong trinh ctia ban>
Chuong trinh dich TCP nay chiém it mién nh¢ hon.
Néu ca 4 bién phap néi trén Déu khong mang lai két qua tirc 1a chuwong trinh ctia ban qud
16n. Hiy chia né thanh céc Don thé nho hon.

Cac ma loi va y nghia:

N

Identifier expected: mong gap Pinh danh.

Unknown identifier: Pinh danh chua Pugc khai bdo. Hay khai bdo Pinh danh nay &
Piu thii tuc hodc chuong trinh.

Duplicate identifier: Dinh danh Puoc khai bdo 2 1an tro lén.

Syntax error: Ldi cd phap. Gap mot ky tu sai hodc viét sai mot hang.

Error in real constant: Viét sai hing thyc.

Error in integer constant: Viét sai hang nguyén.

Cha y rang khai bao CONST ¢ = 1234 s€ cho ta mot hang ¢ kiéu nguyén. Mubn c6 mot
hang kiéu thuc, ta viét CONST ¢ = 1234.0. Nhiing hang c6 gid tri nam ngoai khoang -
2147483648..2147483647 can Puoc khai bio theo kiéu thuc, thi du:

CONST c =12345678912.0;

bt

Nk
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10.

11.

12.
13.

14.
15.

16.

17.

18.

19.

20.

21

String constant exceeds line: gid tri ctia xau ky ti qua dai, xem lai c6 thiéu du
DPéng/mé (déu nhdy Pon) hing vin ban khong?

Too many nested files: qua nhiéu tép 16ng nhau.Chuong trinh dich cho phép long
nhau khong qua 5 t¢p.

Unexpected end of file: Can gip ddu két tép. Ldi 10 c6 thé xuat hién trong céc trudng
hop sau:

- Trong truong trinh cdc cap BIGIN va END khéng cin Doi.

- Tép khéac Pugc goi léng tai mot vi tri khong hop 1€.

- Chu thich chua Bugc Bong béng déu } hoac *).

Line too long: Dong dai qua Bo soan thao cho phép phit sinh cdc dong dai tdi Pa 249
ky tu trong khi khi chuong trinh dich chi lam viéc v6i céc dong dai t6i Pa 126 ky ty.
Loi khuyén: Khong nén Vlet cdc dong dai qud 60 ky tur.

Type identifier expected: Can c6 Dinh danh kiéu

Too many open files C6 thé mé t6i Da 20 tép. Mudn vay trong tép CONFIG. SYS can
¢6 dong khai bao FILES = 20 Loi khuyén: Nén mé chimg 15 tép 12 vira néu c¢6 nhu
cau. Hiy Pua dong sau Pay: FILES = 15 vao tép CONFIG.SYS. Khéi Pong lai mdy
10 goi lai TP.

Invalid file name: Sai té€n t€p. Tén t&p Pugc Pat theo quy Pinh cia DOS.

File not found: Khong tim thay tén trong thu muyc. Trong mot sb truong hop TP can

¢6 cac t&p phu tro, thi du EGAVGA. BGI cho man hinh trong ché bo bd thi. Ban can
Dit nhimg tép nay vao thu muc hién hanh hoic chi 16 Pudng dan Dé truy nhap t6i
chuing.

Disk full: Dia Day hét chd ghi. Hiy xod Di mot sb tép khong can dung nita hoic ding
Dia mém méi (cho 6 A, B).

Invalid compiler directive: Dt sai ché Do dich Loi khuyén: Khong nén lam dung ché
Do dich. Céc ché Do ngam Dinh 1a Dui cho ban. Han hitu hay Dt tam thoi mot ché Do
dich, sau D6 hay tra lai trang théi cii cho n6. Thi dy, mAu sau Pay thuong ding Dé
kiém tra sy ton tai ciia mot assign (f, fname); { $1-}reset (®: { $1+)IF
IORESULT = 0 THEN { tép ton tai )... ELSE {tép khong ton tai}... Trong D6 f 12 bién
tép, fname 1a xau chtra tén tep.

Too many files: Qud nhiéu tép. Chuong trinh Poi hoi qué nhiéu tép. Su Poi hoi théi
qud ndy c6 thé phat sinh ra cic nguyén nhan sau: - Dat nhidu ché Do khién chuong
trinh dich phai mo nhiéu tép. - C4c module goi moc nbi, lién hoan, moi module lai

Doi hot mot s6 tep. Lot khuyén: Ngay tur Dau hay chon cau trinh t6i thiéu cho chuong
trinh . Can c6 mot danh sich cic kiéu, bién va céc tép tong thé ma chwong trinh goi
toi.

Undefined type in pointer definition: Kiéu chura Dinh nghia khi Dinh nghia con tro.
Thi du, khai bdo var P: Aptype; Néu truéc D6 ta chua Dinh nghia kiéu ptype thi s& sinh
16i 19.

Variable identifier expected: Can mot Pinh danh cho bién Thi du FOR =4 TO 20 DO
s& sinh 16i 20.

. Error in type: L3i vé kiéu. Thi du, TYPE*=3.7
22.

Structure too large: Kiéu cdu tric ¢ kich thude qud 16n. C5 tdi Pa ciia ciu tric trong
TP 12 65520 byts
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23. Set base type of range: Kiéu tip co s¢ vuot qua gioi han. Gidi han cua kiéu Poan
dung lam tap co's6'1a 0 ... 255, gioi han cua kicu liét ké dung lam tap co'so 1a 256
phan tu. Thi du khai bdo sau Day s¢€ sinh 16i 23: Var S: set of -8 .. 300;

24. File components may not be files: Thanh phan ctia tép khongthé 1a tép. Thi du, khai
bdo TYPE FTEXT = FILE OF TEXT; Li 24 vi TEXT 1a kiéu tép van ban cho nén
FTEXT s& 1a kiéu tép cua tép.
25. Invalid string length: Chiéu dai xau khong hop 1&. Chiéu dai hop 1¢ nim trong khoang
0 .. 255. Loi khuyén: Trong TP mdi xu x diing phan tir x [0] chira chiéu dai cta x.
Khong nén thay Doi tuy tién gid trj cua x[0]. Poan trinh sau P4y di1 ¢6 1oi cho ban
cling khong bao gio nén lam dung. ( *Lay 3 ky tw Pau cia xiu x *) VAR x: string;
BEGIN X: = "abcdef’; x[0]:= chr(3); writeln (x); readel; END.
26. TYPE mismatch: Kiéu khong tuong thich. cdc nguyén nhén sinh 16i ¢6 thé 1a: - Biéu
thirc Pugc gdn cho bién khong Pung kiéu. Thi du
VAR x: char;
BEGIN
x:=127%*8
END.
- Truyén tham tri cu thé khong Pung kiéu khi goi thu tuc va ham. Thi du
FUNCTION F ( x: integer ): string;
BEGIN
Writeln (F (ERROR")) ( * sinh 16i 26 *)
END.
- Str dung chi cdn mang sai kiéu4
- Diing to4n hang khong Buing kiéu trong biéu thirc. Thi du: x: = 5 + chr ©;
27. Invalid subrange base type: Kiéu co s¢ cho kiéu Poan khong hop 18. Chi Pugc ding
cdc biéu thirc bac ham kiéu co s6.
28. Lower boundgreater than upper bound: Gidi han dudi 16n hon giéi han trén. Thi du a;
ARRAY [5..-5] of ...
29. Ordinal type expected: Can mot kiéu thir bac. Trong truong hop nay khong Pugc
ding cdc kiéu Real, string, Record, PROCEDURE hodc pointer.
30. Integer constant expected Can mot hang nguyén
31. Constant expected: Can mot hiang
32. Integer or rcal constant expected: Céan mot hang nguyén hogc thuc
33. Type identifier expected: Can mot Pinh danh kiéu
34. Invalid function resunt type: Kiéu két qua ctia ham khong hop 18. Ham chi cho két
qua vé thudc kiéu Pon, string va pointer. Trudng hop sau Py sé 1 15i:
TYPE
Phan s6 = RECORD
Tu: integer;
Mau: Integr
END;
FUNCTION Rt gon ( x: phan s6): phn sd;
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35.

36.
37.
38.
30.
40.
. Operand types do not n}atch operator: Kiéu todn hang khong phit hop véi todn tir
42.

41

43.

44,

45.

46.

47.

48.

49.
50.

51

53.
54.
. INTERFACE expected: Thiéu muc INTERFACE
56.
57.
58.
59.
. Too many procedures: Qué nhiéu tha tuc (hodc ham). TP cho phép t6i Pa 512 thu tuc

55

60

61

Label identifier expected: Can chon nhin Loi khuyén: T4t nhat 12 nén tranh ding todn
tir GOTO va do D6 ban khong phai ding Dén nhan.

BEGIN expected: Thiéu BEGIN

END expected: Thiéu END

Integer expression expexted: Can biéu thirc nguyén

Ordinal expression expected: Can biéu thirc thir bac

Boolean expression expected: Can biéu thic kiéu BOOLEAN

Error in expression: Bi€u thirc sai. Thuong gdp truong hop stir dung ky tur la hodc

quén viét dau phép todn trong biéu thirc.

Ilegal assigment: Gans Géan khong hop 1&. Khong Puoc gin tri cho bién tép hodc bién
khong Pinh kiéu. Khong Pugc gan tri cho Dinh danh ham ¢ ngoai than ctia ham D6.
Field identifier expected: Can mot Pinh danh thuong. Ldi phat sinh khi sir dung ban
ghi (RECORD) khong ¢6 truong hop Di kem.

Object file too large: Tép Pich qud 16n. TP khong thé ghép céc tép kiéu OBJ 16n hon
64 KB (1kilo byte = 1024 bytes)

. Undsfined external: Chua khai bdo cdc ham hodc thu tuc ngoai. Cac ham hoac thu

tuc ngoai can Pugc khai bdo & muc PUBLIC trong cac tép OBJ hoac trong céc tép

hop ngit ASM. Trong ché Po { $ L ... } can liét ké Pay Pu tén cic tép OBJ.

Invalid object file record: Tép OBJ khong c6 cdu tric chudn muc theo quy Dinh cua
TP.

Code segment too large: Poan ma qud 16n. Cic chuong trinh hgp thanh phai cé kich
thudc khdng qua 65520 bytes.

Data segment too large: Poan dit li¢u qua 16n.

Do expected: Thiéu Do trong cdc cau tric FOR hodc WHILE hoic WITH

. Invalid PUBLIC definition: Khai bdo sai trong muc PUBLIC
52.

Invalid EXTRN definition: Qué nhiéu khai biao EXTRN. TP khong st 1y quéd 256
khai bdo EXTRN trong mdi tép OBJ.

Too many EXTRN definitions Qué nhiéu Dinh nghia EXTERN

OF expected:Thiéu OF trong TYPE, CASE, FILE, SET, ARRAY

Invalid relocatable reference: Tham chiéu khong hop 1&

THEN expected:Thiéu THEN trong IF

TO or DOWN TO expected: Thiéu To hodc DOWN TO trong FOR
Undefined forward: chua khai bdo trudc.

(PROCEDURE) va ham (FUNCTION) trong mot module. Néu ¢6 qud nhiéu ban can
tdch chuong trinh thanh hai hoac nhiéu module.

. Invalid typecast: chuyén Ddi kiéu khong Ping
62.
63.

Diviion by zero: chua ¢6 0

Invalid file type: Kiéu tép khong Ping. Mbi kiéu tép lam viéc voi mot sb thu tuc danh
riéng cho kiéu D6. Thi du t¢p TEXT lam vi¢c voéi thu tuc readln, t€p Pinh kiéu 1am
viéc voi thu tuc seek. Néu goi thu tyc readln cho t¢p Dinh kiéu hodc goi thu tuc seek
cho tép text sé& sinh 16i 63.
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64. Can not Read or write vaziables of this type: Khong thé Poc hodc ghi bién thudc kiéu
nay. Luu ¥ rang - Read va Readln c6 thé Poc tir tép vao cdc bién kiéu char, integer,
real, Boolean hodc string.

65. Pointer variable expected: Can mot bién con tro.

66. String variable expected: Can mot bién string.

67. String expression expected; Can mot biéu thirc string.

68. Unit not found: Khong tim thdy Pon thé (Unit). Can khai bdo ching trong muc USES
va bat Puong dan trong myc OPTIONS cua mdi trudng TP.

69. Unit name mismatch: Tén Don thé khong Ping.

70. Unit version mismatch: version Pon thé khong phit hop.

71. Duplicate Unit name: Tén Don thé triign 1ap
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72. LOUnit file format error: Tép Pon thé (c6 Pudi TPU) khong ¢ dang quy Dinh.

73. Implementation expected: Thiéu phan IMPLEMENTATION trong Pon thé.

74. Constant and case types do not match: Kiéu hing va kiéu biéu thuc trong CASE
khong phu hgp véi nhau.

75. Record variable expected: Can mot bién kiéu RECORD.

76. Constant out of range: Hang vuot qud mién. Ldi c6 thé gip trong céc tinh hubng sau:

- Chi ddn mang vuot ra ngoai gidi han ctia mang - Goi thil tuc va ham véi cdc tham tri cu
thé vuot ra ngoai gidi han Pa khai béo.

77. File variable expected: Can bién tép.

78. Pointer expression expected: Can mot biéu thirc kiéu con ro.

79. Integer or Real expssion expected: Can mat biéu thtrc kiéu INTEGER hodac REAL.

80. Labelnot within current block: Nhiin khong c6 trong khdi Pang xét.

81. Label alrealy difined: Pa c6 nhan.

82. Undefined label in processing statement part: Khong thay nhén hiéu trong Poan Pa xr
ly. Nhan D3 Puoc khai bdo, Pi thy todn tit GOTO c6 tham Ddi 1a nhin D6 nhung
khong thdy nhan trong Poan vin ban. Mdi nhin can xuat hién it nhat 12 3 1an theo so
D6 sau:

LABELL; (* 1%)
. (2% L:FOR1:=TO ...

GOTO L; (* 3 %)

Néu nhan L khong c6 mit & (* 2 *) s& sinh 16i 82.

83. Invalid @ argument: Dung cédc toan tr @ vdéi todn hang khong hop 1€. Toan hang hop
1é cho @ 1 cic Pinh danh cta bién, thi tuc va ham.

84. Unit expected: Can c6 tir khod UNIT.

85. ";" expected: Can c6 ddu chim phay.

86. ": " expected: Can c6 dau hai chim.

87.", " expected: Can c6 déu phay

88. " (" expected: Cén c6 dau mé ngodc Bon

89.") " expected: Can c6 ddu Péng ngoic Pon

90. " =" expected: Can c6 dau bang.

91. ":= "expected: Can dau gin

92. " [ "or" (. " expected: Can m¢ diu ngodc vuodng khi khai bdo hodc chi Dinh phén tr
clla mang, tap.

93."1"or".)" expected: Can ddu Péng ngoic vudng khi khai bdo hodc chi Pinh phan tir
cuia mang hodc tap.

94. " " expected: Can dau cham khi chi Binh mét truong trong ban ghi

95. " .." expected: Can d4u nhiéu chdm khi liét ké giéi han mang, tap.

96. Too many variables: Qud nhiéu bién. Nguyén nhan xuét hién 1i ¢6 thé 1a: - Tong
kich trudc cia cdc bién toan cuc vuot qué 64 KB - Téng kich thuéc cua céc bién cuc bd
mo ta trong thu tuc hodc ham vyot qué 64 KB.

97. Invalid FOR control variable: Bién Diéu khién trong todn tir FOR khong Piing. Phai
ding bién kiéu liét ké.

98. Integer variable expected: Can bién nguyén.
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99. Files are not allowed here: Khong Pugc ding tép ¢ Day. Hang Dinh kiéu khong thé 1a
tap.

100. String. length, mismatch: Chiéu dai xau khong phit hop véi sb luong cdc phan tir
cua mang ky tu.

101. Invalid ordering of gields: Trat tu cdc truong (trong ban ghi) khong Pung.

102. String constant expected: Can mot héng kiéu xAu.

103. Integer or real variable expected: Can bién nguyén hodc thuc (bién s).

104. Ordinal variable expected Can bién (kleu) thir tu.

105. INLINE error: Loi khi str dung todn tit INLINE ( < ). Todn tir nay khong Puge diing
v6i céc con trd t6i bién. Cdc con trd loai nay ludn ludn c6 kich thudc bang mot tir.

106. Character expressionexpected: Can biéu thirc kiéu ky tu.

107. Too manyrebocation items: Qué nhiéu phan tir Pong. Kich thudc cta bang Dong
cho tép. EXE vuot qua 64 KB.

108. Not enough memory to run progam:Khong Pt mién nhé Dé thuc hién chuwong trinh.

109. Can not find EXE file: Khong tim thay tép EXE.

110. Can not run a Unit: Khong Pugc phép thuc hién mot modul. Modul 1a mdt thu vién
céc khai béo (bién, thu tuc, ham) Dé ghép vdi cdc chuong trinh st dung chiing chir
khong dung Dé thuce hién Doc 1ap.

111. Compilation abozted: Huy viéc dich (bang 1énh ~ BREAK).

112. CASE constant out of range: Hang ciia todn tirCASE khong nam trong gidi han. -
32768 dén 32767

113. Error in statement: CAu 1énh sai. L3i khong say ra khi viét sai ki tu Pau tién cua cu
1€nh.

114. Can not call an interrupt procedure: Khong thé goi thii tuc ngt.

115. Must have an 8087 to compile this: Can c¢6 bo str Iy 8087 Bé dich chuong trinh nay
néu c6 khai bdo ché Do dich { $ N + }.hdy thir dung t6 hop { $ N+, E + }.

116. Must be in8087 mode compile this: Phai ding ché Do 8087 Dé dich chuong trinh
nay. Khong Puogc sur dung cic kiéu SINGLE, DOUBLE, EXTENDEN, va COMP
trong ché Do { $ N - }.

117. Target address not found: Khong tim thay Pia chi Pi cho.

118. Include files are not allwed here: Khéng Puogc ding tép hong & Pay.

119. TMP file format error: L6i khuan dang tép TMP. Tép c6 Pudi Piing IATMP nhung
ndi dung khong Pung dang D6.

120. NIL expected: Can gi4 tri bang NIL.

121. Invalid qualifier: Dinh dabnh khong hop 1¢. C6 the do cic nguyén nhan sau: -Viét
mét bién Pon ¢6 kém chi dan nhu bién mang. - Viét mot bién Pon hoic mang theo
trudng nhu bién ban ghi. - Str dung bién khéng thude kiéu con trd nhur mot bién con
trd.

122. Invalid variable reference: Tham chiéu khong hop 18 t6i bién. Ban than bién Pugc
khai bdo Pring kiéu con tro nhung ndi dung ciia né khéng phai 12 Dia chi. Thuong gap
trong khi goi mot ham kiéu mot con trd nhung quén ding ky hiéu .

123. Too many symbols: C6 qué nhiéu ky hiéu. Chuong trinh c¢6 tong s6 ky hiéu 16n hon
64 KB. Can chia thanh nhiing module nho hon néu dich trong ché Do { $D + ).

124. Statement part too large: Phan 1énh todn tir qud 16n. Turbo Pascal danh khoang 24
KB cho phan todn tir. Néu phan nay qué 16n thi nén cét ching thanh nhiéu thu tuc
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hoidc ham. N6i chung mot ngudi 14p trinh tdt thuong quan tim Dén t6 chirc céNu tric.
125. Module has no debug information: Trong module khong c6 thong tin bat 16i do D6
khi thuc hién chuong trinh Pa dich ma gap 161 Turbo bascal sé khong chi ra BPugc toan
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tr Silflh 16i. Nén dich lai chuong trinh theo ché bo { $ D +} hoac str dung muc COMPILER/FIND ERROR bé

tim 10i.

126. Files must be var parameters: Tham bién hinh thirc kléu tép trong thu tuc hoac ham
phai Pugc khai bdo theo ché D truyén theo bién (co tiép Pau VAR).

127. Too many conditional symbols: Khong bu mién nhé Dé xdc Pinh céc ky hiéu Diéu
kién. Thir bd bt mot sd ky hi¢u hodc giam chiéu dai cua ching.

128. Misplaced conditional directive: Thiéu céc khai béo Diéu kién, chantrg han trong
chuong trinh ¢6 { $ ELSE }hodc {$ ENDIF} nhung lai khong c6 { $ IFDEF },
{SIFNDEF } hoac {WIFOPT }.

129. ENDIF directive missing: Thiéu khai bio O $ENDIF}.

130. Error in inital conditonal defines: Pinh nghia biéu kién sai. Cac biéu kién ban Pau
Pit trong OPTIONS/COMPILER/CONDITIONAL DEFILES khong Pting. Néu viét
nhiéu Piéu kién can ngan ching bang diu cham phay.

131. Header does not match previous definitio: Phin Pau khong phit hop véi khai bao
trude D6. C6 thé do cdc nguyén nhan sau: - Pau ctia thi tuc va ham ctia phan
INTERFACE va phan IMPLEMENTATION khéng phit hop v6i nhau. - Pau cia thi
tuc va ham khai bdo trudc (bang tir chi thi FORWARD) khéng phit hop véi phan mo
ta.

132. Criticaldisk error: Ldi ning vé Dia, thi du & 6 Pia chua boéng hodc chua DBugc lép
Dia.

133. Can not evaluate this expression: khong thé tinh Puoc gi tri cua biéu thirc, thi du
CONTS C = SIN (2); s& sinh 1i va khi khai bdo hang D3 ding ham SIN.

134. Exprsseion incorrectly terminated: Biéu thirc két thiic sai.

135. Invalid format specifier: Dang thurc Dat ta sai.

136. Invalid inderect reference: Khong str dung Piing phuong thire truy nhap truc tiép. 137.

Structured variable arenot allowed here: Khong Puoc ding bién cu tric & Day. Ldi
phat sinh khi lap trinh vién thuc hién céc phép toan khong Buoc phép dung cho céc
bién cAu tric, thi du nhu nhan hai ban ghi.

138. Can not evaluate withut system unit: Cam tinh todn biéu thirc khi chua goi module
SYSTEM. Mubn 1am Diéu nay ta phai Dua module SYSTEM vao tép TURBO.TPL.

139. Can not access this symbol: Khong truy nhap Bugc toi ky hi¢u nay.

140. Invalid floating-point operation: Sir dung sai thao tic voi s thyc. C6 thé xay ra
hién tuong tran 6 nho (két qua tinh todn vuot qud kha nang biéu dién ctia 6 nhd) hoic
phép chia cho s6 0.

141. Can not compile overlay to memory: Khong thé dich overlay trén mién nhé RAM
(ma phai Dat ché D9 dich ra Pia (Disk)).

142. Procedure or function variable expected: Can st dung bién dang thu tuc hodc ham.
Tham bién hinh thirc cia mot thu tuc hodc ham c6 thé 1a mot thi tuc hodc ham.

Céc mi 16i va y nghia khi 1am viéc véi file:

1. File not found: Khong thay tép. Ldi phat sinh khi sir dung cac thu tyc RESET,
APPEND, RENAME hogc ERASE ma khong tim thay t€p can thao tac

3. Path not found: Khong thay Puong dan. Lo6i xuat hién khi:
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- Céc thu tuc RESET, APPEND, RENAME hodc ERASE khong tim Bugc Duong dan toi
tép can thao téc.
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- Cac thu tuc CHDIR, MKDIR, hoic RMDIR nhin Puoc tham tri sai ve thu muc hodac
Puodng dan t6i thu muc con can st 1y.

4. Too many open files: mé qud nhiéu tép. Xuét hién khi goi cdc thu tuc RESET,
REWRITE,hoic APPEND. Pé c6 thé ting sé lwong tép can mé hay stra hodc thém
dong FILES = xx Trong t¢p CONFIG.SYS rdi khoi Dong lai may.xx 1a khdi lugng tdi Pa
céc tép can md, thi du 20.

5. File access denied: Khéng Pugc phép truy nhap tép. Li xuat hién khi: Cac thu tuc
RESET va APPEND nhén Puoc tham bién tép & ché Do chi Puoc Poc trong khi tham
bién FILEMODE lai Pugc phép ghi.

- Goi thu tyc REWRITE khi thu myc Da Day hoic khi tham bién tép Puoc khai bdo &
ché Po chi Puoc Poc.

- Goi thu tuc RENAME vdi tén t€p la tén thu muc hodc tén t€p mdi Da c6 trong thu
muc.

- Goi thu tuc ERASE véi tén t€p la tén thu muc hoac tham chiéu t&i tép chi Bugc Poc.

- Goi thu tuc MKDIR véi tén thu muc Pa ¢6 hoac tén thu muc ba Bﬁy.

- Goi tht tuc RMDIR v6i thu muc chua rong hoc sai Puong dan.

- Goi cédc thu tuc READ hodac BLOCKREAD khi chua mé tép.

- Goi cac thu tuc WRITE hodc BLOCKWRITE khi chua mé tép pé ghi.

6. Invalid file handle: Kénh cho tép chua thong

12. Invalid file access code: Ma truy nhap t€p bi sai. L3i xuét hién khi goi cac thu tuc
RESET hodac APPEND véi tham bién FILEMODE chira gid tri khong chuan.

15. Invalid drive number: Sb hiéu 6 Dia bi sai. Xut hién khi goi GETDIR.

16. Can not remove current directory: Khong Pugc xod thu myc hién hanh. Xuét hién khi
201 RMDIR v6i1 thu myc Dang mo.

17. Cannot renameacross drives: Khong bBugc D4i tén voi hai 6 Pia khdc nhau. Xuét hién
khi goi RENAME véi hai tép nam & hai 6 Dia khac nhau.

100. Disk read error: L8i Poc Pia. Xuit hién khi goi READ tir tép Pinh kiéu Dé Doc khi
tép Pa Puoc duyét hét.

101. Disk write error: Ldi viét vio Dia. Xuét hién khi goi close, write, writel hoac flush
voi Dia Day.

102. File not assigned: Chua gén tén cho tép bang thu tuc ASSIGN ma Pi goi cdc thu
tuc RESET, REWRITE, APPEND, RENAME hoac ERASE.

103. File not open: T¢p chua mo. Xuét hién khi goi close, rean, write, seek, eof,
fileposfilesize, flush, blockread, blockwrite véi t€p chua Pugc mo

104. File not open for input: Tép chua Pugc mo DPé Poc. Xuét hién khi goi READ,
READLN, EOF, EOLN. SEEKEOF, hoac SEEKEOLN véi t¢p van ban (kiéu text) chua
Puoc mé bé Doc.

105. File not open for output: Tép chwa Pugc md Dé ghi. Xuit hién khi goi WRITE hoic
WRITEL voi t€p van ban chua Bugc mo bé ghi

106. Invalid numeric format: Dang sb sai. Xuat hién khi goi READ hoic READLN mdt
sO tir tép van ban.
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150. Disk is write protected: Dia chng ghi. L& chdng ghi & Pia bi che kin.
151. Unknown unit: Module la

152. Drive not ready: 6 Pia chua sn sang.

153. Unknown command: Lénh la.

154. ARC error in data (Cycle Redundant Code -): Ldi ¢ dit liéu ban Pau.
155. Bad drive requiest structure legth: Chiéu dai cau tric Pia khong Pung.
156. Disk seek error: Dau - Doc ghi ¢ chd Dia bi Dit sai

157. Unkown media type: Kiéu vt mang (tin) khong 1&

158. Sector not found: Khong tim Puoc Sector ctuia Pia.

159. Printer out of paper: hét gidy in & may in

160. Device write fault: Ldi khi diing thiét bj ghi

161. Device read fault: 15i khi diing thiét bi Poc

162. Hardware failure: C6 su ¢b phan cimg.

C#c 16i rat ning:

200. Division by zero: chia cho s6 0.

201. Range chek error: Ldi kiém tra gi6i han.

202. Stack overflow error: Ngan xép Pay.Khi chuong trinh thyuc hién can c¢6 viing nhé Dé
t6 chtrc bién Pong va goi céc thii tuc va ham. Viing nhé nay Pugc t6 chirc theo nguyén
tic ngan xép. Néu thiéu chd thi sinh 15i 202.

203. Heap overflow error: Chiim Dau. Khi chwong trinh thic hién can cp phét ving nhé
Dong cho céc thu tuc new hodc getmem. Cac vung nh¢ nay Duoc quan ly theo nguyén
tac chim (nhu bd ré cia mot cay). Néu thiéu chd sé sinh 15i 203.

204. Invalid pointer operation: Thao téc con tro khong Diing. LAi xuét hién khi goi
DISPOSE hoac FREEMEM vi gia tri NIL hodc voi Pia chi nam ngoai gidi han danh
cho phan bd nhé thao tic.

205. Floating point overflow: Toan gia tri thuc (real)

206. Floating point underflow: Léch hing & gia tri thuc (Real). Ldi nay xuét hién khi st
dung cdc bd Dong xir 1y loai 8087/80287/80387

207. Invalid floatingpoint operation: Thao tic sai v&i céc gid tri thuc (Real). Loi xuat
hién trong cac truong hop:

- Tham tri ciia cdc ham TRUNC hoic ROUND khong thé bién Ddi Pugc trong pham vi
ctia kiéu LONGINT (tir -2147483648 Dén +2147483647)

- ham 14y cin bac 2 SQRT c6 tham tri 4m

- Ham logarit LN ch{ra tham tri khong duong

- Ngan xép cua by Bong x1r 1y bi tran.

208. Overlay manager not installed: Chwa D3t phan hé Diéu khién Overlay. Thuong 1a
thiéu thi tuc OVRINIT (khéi tao - it ché Do Overlay) hodc thi tuc nay khong Puoc
thuc hién Day Du.

209. Overlay file read error: Ldi khi Poc tép overlay.
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Mt 56 vin Dé Pdng chii ¥ trong mén tin hoc

KINH NGHIEM THI CU

Cac cugc thi 1a noi Pé ban chung to trinh B¢ va kha nang cua minh. Cong strc hoc tap
bay lau ch1 quyet Dinh trong 3 tiéng 1am bai thi. Do D6, kinh nghiém 12 thtr khong thé thiéu
néu mubn Pat két qua tét.

1. Kién thirc

Cudc thi nao ciing Dodi hoi kién thirc trong mot mién giéi han nhéat Dinh, va hiy Dam
bao rang ban Da chuan bi tot nhing kién thirc P6. Céc cudc thi 16n thuong c6 lwong kién
thirc giéi han khéng hé nho. Do D6 trudc khi thi ban phai tao cho minh mot cdi nhin tong quat
vé luong kién thirc i c6.

Can chd y rang viéc bd sung ,tim hiéu kién thirc trong qud trinh hoc tdp khic véi
trong qud trinh chuén bi cho ki thi. Viéc viii Pau bd sung kién thirc méi ngay trude ki thi 1a
hoan toan khong nén. Vi nhu thé chiing ta s& bi anh hudng boi lugng kién thirc D6 va lam lu
mo Di mot lugng 16n kién thire DA thu thap Pugc biy 14u.

2. Tam li

Nhiéu ngudi thuong néi nao 1a trude ngay thi khong nén xem nhidu phim, khong
Puoc choi game, nghe nhac ... Nhung nhiing han ché nay chi lam cho ban cam thiy thém
stuc ép ma thoi. Trude ngay th1 khoang 2 ngay, ban cur lam nhirng gi ban thich va D61 lic
can phai quén i viéc D6i mit véi ki thi trude mat. CO gang tao mot tam 1f thoai méi nht.

Ban ciing Pimg qud lo vé lugng kién thirc hao hut khi ban giai tri. Dbi voéi mon Tin
hoc, ching ta khong hoc theo kiéu “hoc thuoc long”, vi thé kién thic khong thé mat bi
trong ngay mot ngay hai Pugc.

3. Cach lam bai
Dbi voi mon Tin, s& ¢ 180 phut Dé 1am 3 bai thi. Khi cAm mot t& Dé, nhiing phuit
Dau tién, bat ctr ai clng s& thay hdi hop. Hay Doc bai Pau tién _(vi bay thuong la bai de
cho hoc sinh kiém Diém). Neu van chua 1y lai Pugc binh tinh cin thiét thi c6 thé code cau
trdc form cho chuong trinh, roi tao trudc file input.
Thuc hién 1am timg bai theo chién thuat: “bai dé lam trude, khé lam saw’; nguyén tic
“lam bai nao chdc chdan bai PG”.

Viéc phan bd thoi gian bé giai quyet 3 bai trong 180 phit ciing cyc ki quan trong.
Bai 1 thuong la ba1 cho Piém nén cb ging hoan thanh trong thoi gian cang ngan cang tot.
Hai bai con lai mdi bai thuong danh 10 - 15 phit suy nghi Dé tim ra thuat téan tot. Néu
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khong Puoc tim thi chuyén sang huong cai Dat Duyét an 60% s6 Piém (Dbi Vo1 mon tin
hoc thi mdi bai ¢6 gidi han 60% s0 test voi dir liéu nho va cdc ban c6 thé an Pugc s6 test nay
voi thudt todn Duyét néu cai bat khéo). Sau D6 néu con du thoi gian c6 thé quay lai cai tién
tlep, phéi ludn ludn cai tién chuong trinh cho Den khi nao het thoi gian, cO gang an cang
nhiéu test, Ding cang nhiéu truong hop cang tét. Chua can biét céc test hay truong hop
D6 ¢6 mang lai nhiéu Diém hay khong.
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Pac biétcha y Den viéc Dat tén file chuong trinh va file INPUT, OUTPUT. Nén lam nhing
viéc nay trudce khi tién hanh 1ap trinh. Nén lap trinh truc tiép bang Free Pascal va Dé ché Do bdo
céc 161 nhu tran mang hay tran bo nhé. Chu ¥ céc gidi han cua Dé bai Dé khai bio mang hay bién sb.

Va khi thoi glan thi con lai 10 phut, nén kiém tra lai moi tha D& Pam bao khong c6 sai

s6t Bang tiéc ndo vé nhimg file sap ghi 1én Pia.
Cic ban nén luyén tap cdch 1am trén véi cdc Dé thi thir Dé tranh ling ting trong cdc ki

thi quan trong.

Kinh nghiém thi cir

Lam bai that nhanh

Suy nghi thi phai cin than, nhung khi dit tay xudng 1am bai thi phai 1am bai that nhanh, khong chan
chir do dy. Nén nh¢ ddy 1a mot yéu té rt quan trong, néu khong nhiéu kha ning sé& bi thiéu thoi
gian! Luyén tap 1am bai nhanh mdi khi c6 thé dé dén khi di thi s& quen.

Poc k§ va suy nghi tit ca cc bai trude khi lam

Nén danh mét khoang thoi gian dé suy nghi tt ca céc bai todn, sau d6 méi quyét dinh s& lam bai
nao trude. C6 rat nhidu truong hop, mot bai todn twong chimg don gian nhung dén khi lam gan
xong méi phat hién 12 bai khé. Vi vdy can tinh tdo tranh ldng phi thoi gian.

Lam bai de truéc
Hoan thanh bai dé trudc d¢ ddm bao mot so di€ém cho minh va tao cam gidc yén tim khi 1am nhiing
bai con lai.

Kiém tra méi bai sau khi 1am xong

Sau khi 1am xong mdi bai, cn phai kiém tra lai chuong trinh trudc khi chuyén sang bai khéc.

D¢ kiém tra chuong trinh, cdch tot nhat 12 test that nhidu. C6 thém mét test diing, x4c suat ding dan
clia chuong trinh s& ting 1én dang ké.

Dung céc test kich thudc nhd, tu sinh ra dé kiém tra tinh ding dén cua thuat toan; cac test 1on, nhan
gid tri 16n nhét va gia tri ngdu nhién dé kiém tra thoi gian thuc hién cia thuat todn, phat hién cic 15
nhu range check, stack overflow, arithmetic overflow.

C6 nhitng bai todn ma c6 thé kiém tra két qua mot cach don gian (vi du bai Do min). Khi d6 dimng
ngai viét chuong trinh tao test hodc chuwong trinh kiém tra két qua néu can thiét.

V6i nhitng bai toan ma c6 thuat toan ding dén rat don gian (tuy nhién thoi gian thuc hién 16n hon),
hay viét mot chuong trinh nhu vy ding dé kiém tra két qua. Chéang han, bai to4n cip diém gan
nhét: cho N diém trén mit phang, tim hai diém c6 khoang cdch gan nhét. Ding chuong trinh O(N2)
dé so sanh véi chuong trinh O(NlogN), néu hai chwong trinh cho két qua nhu nhau & céc bo test thi
xdc sudt ding din ciia chuong trinh O(NlogN) 1a rat cao. Twong tw, néu ¢ hai phuong phap khic
nhau nhiéu dé giai bai toAn ma cting cho két qua nhu nhau thi xdc suat ding ctia chwong trinh 1a
twong ddi cao.

Poc ky dé bai

Doc lai mdt dé bai nhiéu 1an, doc ca trudc khi 1am, sau khi 1am xong, phat hién xem minh ¢ nham
lan, thiéu sét chi tiét gi khong!
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Sira 18i chwong trinh

Khi chuong trinh chay cho ra két qua sai, can sira 18i (debug) chuong trinh. Can tdn dung hiéu qua
céc cong cu debug ciia Free Pascal nhu watches, break point, st dung tot céc phim tit F4, F7, F8.
Thong thudng chuong trinh s& bi mot vai 18i nho nhu viét sai tén bién trong mot biéu thirc, thiéu
mot doan xt ly,...

C6 thé xay ra truong hop phét hién ca thudt todn sai, nhét 1a d6i voi nhitng bai ¢6 thuat todn diing
dan thi diéu nay 1a hoan toan c6 thé. Khi d6 dimg hot hoang! Can binh tinh tinh todn xem xéc suat
diing dén ciia chuong trinh c6 cao khong, c6 nén lam tiép bai toan d6 hay khong? Pung bao gid dé
bi vudng vao mot bai todn qud lau, néu thay lo ling vi da danh nhiéu thoi gian cho mot bai ma van
cho két qua sai, hiy tam thoi chuyén sang bai khéc.

Trong trudng hop can thay dbi toan bd chwong trinh, nhé backup chwong trinh cii vao mét ban
khac, phong khi can st dung lai.

Phong cach viét chwong trinh

Phong céch viét chuong trinh 12 diéu rit quan trong khi di thi. Vi phong cach viét chuong trinh tét
s& c6 1oi thé hon. Nhung diéu nay lai chi ¢6 thé c6 khi luyén tap nhiéu. Phong cach viét chuong
trinh tot khong c6 nghia 12 nhitng cich viét dé cho chuong trinh chay nhanh, ma 1a dam bao dé lam
bai nhanh, sira 15i nhanh, giam xéc sudt sai cia chwong trinh va giam xdc sudt nhdm 1an cho ngudi
viét.

Pirng doi héi perfect

Trong trudng hop khong thé nghi ra thuat todn diing dan cho mot bai todn (hodc ban than bai todn
ciing khong c6 thuét todn diing dén, diéu nay rat c6 thé xay ra trong ky thi quéc gia), cb ging tim
céch dat duge mot s6 diém nhat dinh. Mot chuong trinh dat 80 hay 90 diém hau nhu khong khac gi
nhiéu so v6i mot chuong trinh perfect. Doi khi khong dang dé viét thém mot doan chuong trinh rat
dai chi dé dat thém 10-20 diém, nhung dbi khi chi can thém mot hai dong c4n hay diéu kién thi
tham chi c6 thé dat thém mot s diém rat 16n. Didu quan trong 12 can binh tinh dé danh gid nhing gi
nén lam va khong nén lam.

Pat dwoge 50% sb diém

Céc bai toan thuong dua ra 50% (hodc 30-40%) s test c6 gidi han nho, cé thé dung nhitng thuat
todn don gian hogc duyét. TSt nhit nén thém mot diéu kién dé kiém tra néu dit liéu thudc gidi han
nay thi ding chuong trinh don gian hoic duyét dé chay.

Sao luwu bai lam
Thinh thoang hay sao luu bai 1am vao nhiéu thu muc, nhiéu 6 dia khac nhau phong khi c6 su c6 k¥
thuat. Hay tao 3 thu muc cho 3 bai lam. Luu céc bai s€ ndp vao mdt noi ri€ng, tranh ndp nham bai.

Panh gia, quyét dinh thong minh

C6 nhiéu thtr can danh gid: mirc do khé ctia mdi bai, xac suat diing dén ctia thuat toan nghi ra, thoi
gian can thiét & 1am mot bai, kiém tra két qua va tao test c6 khé khong? Tir d6 quyét dinh 1am bai
nao trudc, co nén tiép tuc cai tién mot bai khong, cai tién nhu thé ndo s& hiéu qua hon, kiém tra
chuong trinh nhu thé nao dé chic chin nhét. Hay linh hoat
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Khi 1ap trinh
Khi di thi thudng sé st dung compiler va IDE Free Pascal.

Dit chi din b nhé

Trong trudng hop chuong trinh Ip vao tha tuc dé quy nhiéu 1an, can ting kich thudc stack bang
céch dit chi dan bo nhé:

{$M 2000000,0,2000000}

Phong cach viét chwong trinh

Néu chuong trinh sir dung it bién, c6 thé dt tén céc bién, mang ngin gon don gian dé ting toc do
lam bai, vi du a, b, x, y,... mang quy dong l1a f. Tuy nhién néu chuong trinh sir dung nhiéu bién, cic
bién mang ¥ nghia khac nhau thi hay dat tén cdc bién dai va mang ¥ nghia cta chiing dé tranh nham
1an. Nén nhé viéc nham 1an giita céc bién 12 van dé rat khé chiu. Nén dit tén céc bién bang tiéng
Viét va viét chuong trinh bing chit in thuong dé ting toc d6 lam bai.

Giita cdc ciu 1énh, nén xudng dong dé tan dung cic cong cu debug ciia Free Pascal nhu cdc phim
F4, F7, F8.

Sir dung chudi
Néu can sir dung chudi c6 d¢ dai vuot qud 255 ky tw can dat chi dan {H+} ¢ dau chuong trinh.

Cit dan
D¢ sir dung céc phim tat Ctrl-C,X,V cho cat dan chit nhu Windows, chon Options — Keyboard &
mouse — ddnh déu Microsoft convention.

Chic céac ban thanh cong!
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