Dé thi mdn: Phan tich va thiét ké thuat toan
(Thoi gian: 90 phat — Khéng st dung tai liéu — Np lai dé)

Bai 1. V6i mdi khing dinh sau day cho biét khing dinh nao 1a ding, khing dinh ndo la sai va giai
thich clu tra 1oi

la)n’ ¢ ant log n).

1b) log n € O(n®) v&i moi hing s6 « dwong.

1¢) n% e O(2") véi moi hing sé « duong.

Bai 2. Cho tip I gom n doan thang trén truc so thuc [a1, b1], [@2, b2, ..., [an, by Cén tim tdp P co

luc luong nhé nhat gbm cac dlem trén truc sb thue sao cho mdi doan [a,, b;] du chira it nhit mot
diém nao d6 thudc P, i=1, 2, .

Xét thuat toan tham lam sau day dé giai bai toan dit ra

GREEDY(J)
(1) m= (min{a;, ay, ..., a,} - 1);
2y P= @

(3) Sap xép cac doan thang trong I theo thir tu khong giam cia mat phai b;;
(Khong giam téng quat gia thiét1a by <b, < ... <h,)

(4) fori=1ton // ldn luotxét cdc doan theo thu" twe deoe sdp xép

%) ifa,>m{

(6) P=Pu{bj};
(7 m = b,
) }

(9) return P; // P 1a tap diém cén tim

2a) Hiy chi ra rang thudt toan trén c6 thé cai dit véi thoi gian tinh O(n log n).

2b) Thuit toén trén c6 cho 1oi ding khong? Giai thich ciu tra 10i.

Bai 3. Trinh dién thuit toan quy hoach dong tinh khoang céch sira d6i xau X= “ALGORITHM”

thanh xau Y=“ALTRUISTIC”. Két qua cudi cung cin dua ra khoéng céch tim duoc va cach bién
d6i x4u X thanh x4u Y.

Bai 4. Trinh dién thu4t toan Kuhn-Munkres gii bai to4n phn c6ng véi ma tran hiéu qua sau day
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Bai 5. Cho dd thi c6 huéng G = (V,E), tip con E’ < E dugc goi 1a tép cung nguoc (Feedback Arc
Set) néu nhu sau khi loai bé cac cung trong E” khoi d6 thi G ta thu duogc db thi khong ¢6 chu trinh.
Bai toan tdp cung ngugc (FAS) dugc phat biéu nhu sau: Cho dd thi ¢6 huéng G = (V,E) va sb
nguyén khéng 4m £, hoi c6 thé tim duogc tdp cung nguoc véi luc lugng khong vuot qua k hay
khong?

Sa) Hay chi ra bai toan FAS la thudc 16p NP;

Sb) Chimg minh rang bai toan FAS thudc 16p NP-khé. (Goi y: Qui din bai toan phu dinh (Vertex
Cover) vé FAS)



Pé thi mén: Thiét ké va Phan tich thuat toan
(Thoi gian: 90 phiit — Khéng s dung tai liéu — Nop lai d¢)

Bai 1. Giastr T(n) duoc xac dinh bdi cong thire d& qui sau day

n=1,

1
T =
& {T(l_n/Z_')+n2 n>2.
1a) Chimg minh ring T'(n) < -;Enz, Vnx1.

1b) Sir dung két qua 1a) hiy chimg minh T(n) = ©(n?).

Bai 2. Xét bai toan PointCover sau: Cho 4 = {ai, a2, ..., ax} la tép gbm n dlem trén truc sb thue.
Cén tim tap véi luc lugng nhoé nhit S cac doan thing c6 do dai 1 sao cho mbi diém cua tép 4 déu
thudc vao it nhat moét doan trong S (Ta néi tép S la phu cac diém trong 4). Hay chimg minh tinh
ding din hodc dua ra phan vi du cho céc thudt toan tham lam sau day dé giai bai toan dit ra:

Thuit todn PC1: Goi / 12 doan d9 dai 1 phi duoc nhiéu diém trong S nhit. BS sung / vao S. Sau
d6 13p lai mdt cach dé qui thao tac vira mé ta véi tap cac diém trong 4 chua dugc phu béi 1.

Thuit toan PC2: Goi g; 1a s6 nhé nhét trong A. B sung doan I = [a;, aj+1] vao S. Sau d6 lap lai
mdt cach dé qui thao tic vira md ta véi tap cac diém trong 4 chua dugc phu boi 1.

Bai 3. Hay stra lai gia ma DFS _ Visit(u) trong thuat toan tim kiém theo chiéu sau trén dd thi (xem
mo ta & dudi) dé né dua ra danh sach tit ca cac canh cta dd thi cung véi loai cia mdi canh.

DFS(G) DFS_Visit(u)

1. for uel[G] 1. color[u] = gray
2. color[u] =white 2. d[u] = ++time
3. plu] = nil 3. for ve Adju]

4. time=0

5. for ueV[G]

6. if color[u] = white
7 DFS_Visit(u)

if color[v] = white
plv]=
DFS_Visit(v)
color[u]= black
flu] = ++ time

NN

Bai 4. Xét bai toan AcycGraph: “Hoi don d6 thi v hudng G=(V,E) c6 chua chu trinh hay khéng”.
Chi dugc phép sir dung truy van dang “Hai dinh i va j c6 ké nhau hay khong?”

4a) Str dung 14ap ludn phéan bién, hdy danh gid cin dudi cho d6 phirc tap thoi gian cua bai toan
AcycGraph.

4b) Hay dua ra danh gia do phuc tap thoi gian cla bai todn AcycGraph véi gia thiét chi duoc st
dung truy vAn da néu ddi véi dd thi.

Bai 5. Xét bai todn duong di déi mau, ky hiéu 1a (CPath), sau day: "Cho dd thi ¢6 huéng G =
(V,E) v6i n dinh va m canh, trong ¢6 mdi canh e € E dugc gan cho mét trong L mau ¢y, ¢y, . . ., cr.
Cho s 1a dinh xu#t phat, ¢ 1a dinh dich, s, # € ¥; con B 1a sb nguyén duong. Hoi c6 ton tai hay khong
duodng di don trong G tir dinh s dén dinh ¢ khong st dung nhiéu hon B canh cung mau?"

5a) Chimg minh ring (CPATH) thudc 16p NP.

5b) Héi (CPath) c6 phai 1 bai toan NP-ddy du hay khong?



Peé thi mén: Phan tich va thiét ké thuat toan
(Thoi gian: 90 phit — Khéng st dung tai liéu — Nop lai dé)

Bai 1. Giai cac cong thirc dé qui sau diy

1la) T()=1;T(n)=3 T(n/2) + nlogy n,n>2.
1b) T()=1; T(n) =4 T(n/2) + 0%, n >2.
(Goi y: Ap dung dinh 1y tho tong quat).

Bai 2. Xét bai toan 14p lich sau day: Tai thoi diém 0, cn 18p lich thuc hién » cong viéc ay, ay, ...,
an trén mot may. Pbi voi mdi cong viéc a; ta biét: 1; 1a thoi gian can thiét dé thuc hién, pi—la tién
thuéng va d; 12 thdi han hoan thanh. Tai mdi thoi diém may chi c6 thé thuc hién khong qua mot
cdng viéc, va mdi cong viée phai duoc thuc hién lién tuc trén may tir luc bat dau cho dén khi hoan
thanh, khéng duoc phép ngit quing. Néu cong viéc a; dugc hoan thanh khéng mudn hon thoi diém
d; (tac 12 n6 dugc hoan thanh ding han) thi ta thu duoc tién thuong 1a pj, con néu trai lai tién
thuéng thu dugce 1a béng 0. Hay phat trién thuat toan tim lich thuc hién céc cong viéc dem lai téng

tién thuong 13 16n nhit. Gia thiét ring: I la sO nguyén va 1< t,<n,véimoij=1,2, .. n Ching

minh tinh déng d4n va danh gia thoi gian tinh cta thuét toan dé xuét.

Bai 3. Trinh dién phwong phdp qui hoach dong giai bai toan tim trinh ty ti wu tinh tich cta ddy ma
tran 4142434445 v6i ddy kich thude la {4, 10, 3, 12, 20, 7}.

Yéu cau: Pua ra cac bang ghi nhan két qua giai cac bai toan con. Két qué cubi cung can dua ra sb
phép nhan it nhét can thyc hién va trinh tu nhan t8i vu tim duoc.

Bai 4. Cho biét cic khing dinh sau ddy 1 déng hay sai. Néu cu tra 161 1a dung, hay dua ra ching
minh, con néu trai lai hay dua ra phan vi du.

4a) Néu trong qué trinh thuc hién tim kiém theo chiéu sdu trén don d thi ¢6 huéng G = (V, E)
thuét toan chi dua ra canh vong thi d6 thi G la khoéng chira chu trinh.

4b) Néu don db thi c6 hudéng G = (V, E) 1a khong chira chu trinh thi c6 thé chi ra tha tu duyét dinh
cho cac vong 1dp duyét dinh trong thuat toan tim kiém theo chiéu sdu dé thuét toan tim kiém theo
chi€u siu chi dua ra canh vong.

Bai 5. Truéc hét nhic lai 1a: Ta néi hai don db thi v hudng G, = (V, E)) va Go = (Va, E») la déng
céu néu nhu t6n tai song anh £ ¥, —> V3 sao cho (u, v) € E; < (Ru), fv)) € E». Xét bai toan dd thi
con dang cdu (SGISO) sau ddy: "Cho hai don db thi v6 huéng G = (V, E) va H = (Vy, Ey). Hoi dd
thi G ¢6 chira db thi con déng cdu véi dd thi H hay khong?”

5a) Chimg minh ring SGISO 14 thudc vao 1ép NP.

5b) Chimng minh ring SGISO 1a thudc vio 16p NP-diy du. (C6 thé sir dung bat cr bai toan NP-ddy
du d3 gisi thidu trong bai giang dé qui dan bai toan SGISO).



D& thi mén: Phan tich va thiét ké thuat toan
(Thoi gian: 90 phit — Khong st dung tai liéu — Nop lai dé)

Bai 1. Xét thuit toan dé qui sau day
ReeSum(A, p, q)
// A 1a mang chira cac sé nguyén
if (p==q) then return A[p];
mid = |(p+q)/2 |
return RecSum(A, p,mid) + RecSum(A,mid + 1, qQ);
1a) Lénh goi RecSum(A, 1, n) tra lai thong tin gi lién quan dén mang A[1..n]? Chirng minh khing dinh dé
Xuat,
1b) Danh gia thoi gian tinh cua viéc thuc hién RecSum(A, 1, n).

Bai 2. Trong nhitng nam 1980, khi dung lugng dia clmg con rat han hep va rit dit, nguoi ta thuong phai cét
gitr cac file ra bang tr. Bang tr chi cho phep truy cép tuan tu, nghia 1a dé truy cap dén mot file trén bang tir
ta khong thé dinh vi diu doc tryc tiép dén vi tri diu file ma phai dua dau doc vé déu bang tir va 1an luot doc
qua nhitng file ghi phia trudc dé dinh vi diu doc dén vi tri dau file cin doc.

Gia st ta co # file: Fy, F, ... , F, dugc ghi trén bing tir theo thir tu liét ké. File F; c6 d0 dai /; va xac suét
truy cdp lap, (0<p;<l,i=1,2, .., n; Z:;l p, =1) Do dic tinh truy c4p tuan tur ciia bang tiy, thoi gian dé

doc file F; khi cac file dugc ghi trén dia theo thi ty da néu la P, = ZIF . lj . Vi thé thoi gian ky vong dé doc
file khi c4c file dugc ghi theo thit tw Fy, F, ..., Fy1a ) ( py.. 111)

C6 tét ca n! trinh tu ma theo d6 ta c6 thé ghi » file d4 cho lén bang tir. Trinh ty gh1 file duoc goi la t6i wu
néu nhu theo trinh fir ndy, thoi gian ky vong truy cép file 1a nho nhét. Pbi v&i mbi thuat toan tham lam sau
day hodc chirng minh 13 thut toan cho trinh tu t8i vu hodc chi ra 12 n6 khong dua ra trinh tu t6i wu bang viée
dua ra phan vi du:

2a) Lan luot ghi céc file 16n bang tir theo thir tw ting din cua do dai.
2b) Lan luot ghi cac file 1én bang tir theo thir tw gidm dan ctia x4c suét truy cap.
2¢) Lan luot ghi cac file 1én bing tir theo thir tu tang dan cta ty s6 / /D

Bai 3. Cho day s 4 = {ar, ..., an}, va s& nguyén k, trong d6 1 < k < n. Bai toan dt ra la: Trong sb tit ca
cac doan chira it ra 13 k phén tu clia day 4 tim doan [x, y] c6 d6 dai nhé nhit (46 dai cua doan [x, y] la y — x).

Vidu: Néud = {3.1,6.2,10,5.8, 1.0, 2.2, 6.0, 7.3} va k=4, thi doan c6 d6 dai nhé nhit can tim 13 [5.8, 7.3]
6 d0 dai 1.5, chira cac diém{5.8, 6.0, 6.2, 7.3}.

Hay phat trién thudt toan giai bai toan dat ra va danh gia thoi gian tinh cia thuat toan dé xuét.

Bai 4. Trinh dién thuit toan giai bai toan phan céng véi ma trin hidu qua sau day:

9 3 6 7
8 7 8 6
W = .
6 5 6 3
8 6 8 5

Bai 5. Trudc hét nhéc lai 1a: Ta ndi hai don db thi v6 hudng G, = (V1, Ey) va G, = (V», E)la dang cdu néu
nhur ton tai song anh f: ¥; = V, sao cho (4, v) € E, < (Au), fIv)) € E,. Xét bai toan dd thi con dang clu
(SGISO) sau déy: "Cho hai don do thi v6 huéng G = (V, E) va H=(Vyy, Ep). Hoi dd thj G ¢6 chira dd thi con
déng cAu vé6i db thi H hay khong?"

5a) Chimg minh ring SGISO 14 thudc vao 16p NP.

5b) Chimg minh ring SGISO 1 thudc vao 16p NP-ddy di. (C6 thé st dung bét ctr bai toan NP-ddy du da
gi6i thidu trong bai giang dé qui din bai toan SGISO).



Dé thi mén: Thiét ké va Phan tich thuat toan
(Thoi gian: 90 phiit — Khéng st dung tai ligu — Nop lai dé)
Bai 1. Goi 7(») 1a thoi gian tinh cua thuit toan Need mo ta (dudi dang tua C) sau diy:

Need(int n) {
if (n < 1 ) return 0;
for(i=1; i<n; i+ +)
for( J=1; 3J<€<n; 3j++)
print("*") :
Need (n-3) }

1a) Dua ra cong thirc dé qui cho 7(n).
1b) Sir dung phuong phap Idp chig minh ring T(n) = o).

Béi 2. Cho hai tap doan thing R va B, trong d6 R= {I;, b, ..., I,} 1a tap cac doan thang dugc t6 mau do, con

= {J1, S, ..., Ju} 12 tAp cac doan thing duoc t6 mau xanh M3i doan thing K dugc xac dinh bdi hai sb
nguyen a(K) va b(K) la ddu mut trai va ddu mut phai cia doan thang K, nghia 1a K = [a(K), b(K)]. Ta néi
doan thing mau d6 7; 1a phu doan thang mau xanh J; néu moi diém cia doan thang J; déu thude 7,. Bai toan
dat ra 13 hay tim tdp con cac doan thing mau do c6 luc lwgng nho nhét sao cho mdi doan thing mau xanh
dugc phu bdi it nhat mot doan thing mau do trong tap cac doan thing do duoc chon. Gia st bai toan 1a luon
c6 loi giai.

2a) Xét thuat toan tham lam ICov sau day:

Algorithm ICov

S=; // S 14 tap cac doan thing cin chon

repeat
Chon doan thing mau do phu duge nhiéu doan mau xanh nhét va bd sung né vao tap S;
Loai bd khoi tip cac doan thing mau xanh B tat ca cac doan thang da duoc pht;

until B=;

S la tap cAn tim.

.....

Hay dua ra phan vi du cho thiy thuat toan Icov khéng luén cho 1o giai tbi wu.

.....

2b) Phat trién thuét toan tim 161 giai ti wu cho bai toan dat ra. Chirg minh tinh ding dén va danh gia thoi
gian tinh cta thuat todn dé xuét.

Bai 3. Trinh dién phuong phap qui hoach déng giai bai toan tim trinh tu t&i wu tinh tich cia day ma tran
A14,43A4445 v6i ddy kich thude 1a {4, 10, 3, 12, 20, 73.

Yéu cau: Dua ra céc bang ghi nhan két qua giai cac bai toan con. Kt qua cudi cung can dua ra s6 phép nhan
it nhat can thyc hién va trinh ty nhén i vu tim duge.

Bal 4. Cho biét cac khing dinh sau day 1 ding hay sai. Néu cau tra 101 1a dung, hay dua ra chimg minh, con
néu trai lai hdy dua ra phan vi du.

4a) Néu trong qua trinh tim kiém theo chiéu sau trén don db thj c6 huéng G = (¥, E) ta chi phat hién ra canh
clia cdy va canh vong thi dd thi G 12 khéng chira chu trinh.

4b) Néu don db thj c6 huéng G=(V, E) 1a khong chtra chu trinh thi c6 thé dua ra thir tu duyét dinh trong cac
vong Idp duyét dinh cia thuét toan tim kiém theo chidu sau dé thut toan chi dua ra canh cia cdy va canh
vong.

Bai 5. Xét bai toan (P) sau day: Cho hai don dd thi v6 huéng G= (Vl, E,) va Gz—( Vo, E5) v6i V| = Vo va k

= |Ey| - |Ea| > 0, héi co the loai bo & canh khoi G, dé thu duoc dd thi déng ciu véi G, hay khong? (Ta noi
hai d6 thij 1a déng cAu néu c6 cach dit lai tén cho cac dinh cia dd thi nay dé thu dugc db thij kia.) Cho biét
ménh dé nao trong cac ménh dé sau ddy la ding va chimg minh ménh dé duoc Iya chon:

5a) Bai toan (P) 1a NP:day dua.
Sb) Bai toan (P) c6 the giai dugc bdi thuét toan thoi gian tinh da thirc.
5¢) Ca hai ménh d¢ trén déu sai.



