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MO DAU

Thuat toan 13 mot trong nhirng khai niém quan trong nhét trong tin hoc.
Thuét toan xuit phat tir nha khoa hoc Arap Abu Ja’far Mohammed ibn Musa al
Khowarizmi. Chiing ta c6 thé xem thuat toan 13 mot cong cu dung dé giai bai toan
dugc xac dinh trudc. Viéc nghién ctru vé thuét toan co vai tro rat quan trong trong
khoa hoc mdy tinh vi may tinh chi giai quyét duoc van dé khi da c6 hudng dan giai
rd rang va ding dan. Néu hudng dan giai sai hodc khong rd rang thi may tinh khong
thé giai dung duoc bai toan. Trong khoa hoc may tinh, thuit toan duoc dinh nghia 13
mot day hitu han céac thao tac dugc Sép xép theo mot trinh tw nhat dinh sao cho sau
khi thuc hién day thao tac y, tir input ctia bai toan, ta nhan dugc output can tim.

O Viét Nam mon Tin hoc dugc dua vao giang day chinh thic ¢ truong phd
thong tir ndm hoc 2006 - 2007 tuy nhién trong thuc t¢ mon Tin hoc da duoc dua
vao tham gia thi hoc sinh gioi cap tinh, cp qudc gia tir rat lau: Hoi thi Tin hoc tré
khong chuyén toan qudc duoc to chire 1an dau vao ndm 1995, ky thi hoc sinh gioi
Tin hoc qudc gia duoc td chirc vao nim 1995 va dic biét ky thi Olympic Tin
hoc québc té (101) t6 chirc lan dau vao nam 1989. Tir d6 dén nay cac ky thi hoc
sinh gioi, Olympic Tin hoc ngay mot nhiéu va doi héi kién thuc rét cao.

Chung ta biét ring dé c6 két qua cao trong Ky thi chon hoc sinh gioi mén Tin
hoc noi chung thi hoc sinh phai ¢ von kién thuc vé thuat toan dé giai duoc cac bai
toan kho (dac biét la cac thuat toan nang cao), sau d6 hoc sinh s€ sur dung ngén ngir
lap trinh nao d6 dé lap trinh dua vao thuat toan di tim duoc va giai bai toan theo
yéu cau. Chuong trinh giang day & sach giao khoa caa mén Tin hoc hién hanh trong
truong pho thong co luong kién thic rat han ché va don gian, khong du co so dé
hoc sinh c6 thé dua vao vén kién thue d6 dé tham gia mot ky thi hoc sinh gioi cap
thanh phd hay cap cao hon. Cau hoi dit ra: “Lam thé nao dé hoc sinh cé thé dat
két qua cao trong cdc ky thi hoc sinh giéi mén Tin hoc trong trwong phé théng?”
yéu cau dit ra la cac gido vién giang day mon Tin hoc trong truong phd thong phai

suy nghi, tim toi tai liéu vé mot s6 thuat toan nhu: Thuét toan dé quy, thudt toan
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tham lam, thuét toan xap xi va mot sd thudt toan trén db thi ... 1a nhitng thuat toan
str dung hiéu qua dé giai nhiéu bai toan Tin hoc.

Xuéat phat tir thyc té d6, dé tai luan van: “MQT SO THUAT TOAN CHON
LOC VA UNG DUNG TRONG TIN HQC PHO THONG” véi muc dich tim
hiéu, nghién ctru mot sb thuat toan va cach tmg dung vao giang day, bdi dudng doi
tuyén hoc sinh gioi mén Tin hoc & truong phd thong.

Noi dung chinh cta luan van gdm 3 chuong, phan phuy luc véi cac ndi dung
chinh nhu sau:

Chwong 1: Ludn vin trinh bay tong quan vé cdc khdi niém co ban vé thudt
todn va dg phirc tap cia thudt todn, van dé phdn 16p cdc bai todn trén co sé danh
gid dg phirc tap cia thudt todn. Cac kién thirc ndy sé la nén ting vé mat Iy thuyét
tinh todn dé nghién ciru cdc chiong tiép sau ciia ludn van.

Chwong 2: Trong chirong nay ludn van trinh bay tong quan vé thudt todn dé
quy, thudt toan tham lam, thudt todan xcfp xi vd mot s thudt todn trén mé hinh do
thi.

Chwong 3: Dya vao co sé Iy thuyét ciia thudt todn dwoc trinh bay & chwong
2, trong chirong nay ludn van sé cai ddt chiong trinh cho mét sé bdi todn cu thé.

Phan phu luc:

Toan bo cac két qua thuc nghiém giai cac bai toan duoc cai dit bang ngon

ngtr Pascal version 7.0 trén may tinh PC.
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Chuong 1
CAC KHAI NIEM VE THUAT TOAN
VA PQ PHUC TAP CUA THUAT TOAN
1.1 Khai niém co ban vé thuit toan
1.1.1 Khai niém bai toan Tin hoc

Trong pham vi tin hoc, nguodi ta quan ni€ém bai todn la mgt cong Viéc nao
dé muén mdy tinh thuc hién [2].

Khi dung may tinh dé giai bai toan, ta cin quan tim tdi 2 van dé&: Dir lidu
can duoc dua vao may tinh (Input) 13 gi? va can lay ra (Output) thong tin gi? noi
mot cach khac, cho mdt bai toan 1a viéc mo ta rd input va output cia bai toan.

Van dé con lai 1a: Lam thé nao dé tir input ta c6 duoc output?

1.1.2 Khai ni¢m thuét toan

Khac véi toan hoc (cac yéu ciu cua bai toan thudng 14 chirng minh sy ton tai
dap an chtr khong yéu cau tim mot cach chi tiét dé tim ra dap sé d6), giai mot bai
toan Tin hoc 1a viéc di tim mot 161 gidi cu thé, tuong minh dé dua ra output cua bai
toan dua trén input da cho. Viéc chi ra mot cach tim output ctia bai toan goi 1a mét
thuat toan. C6 nhiéu cach phat biéu khai niém vé thuat toan. Duéi day 1a cach phat
biéu dugc chon dé dua vao sach giao khoa Tin hoc pho thong.

Khai niém vé thuat toan: Thudt todn la mét day hitu han cdc thao tic dwoc
sdp xép theo mét trinh tw nhit dinh dé sau khi thwe hién day cdc thao tic dé, tiv
input ta cé output can tim [2].

Trong linh vuc khoa hoc may tinh, cum tir “thuat toan” déi khi con dugc goi
la: “giai thuat”.

Vi dy 1: Thugt ton to mau do thi

- Input: do thi G = (V, E).

- Output: dothi G = (V, E) c6 cac dinh da dugc gan mau.

Thuat toan: C6 nhiéu cach dé mo ta thut toan khac nhau. Dudi déy 1a cach

mo ta thudt todn dang liét ké cac budc:
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Buéc I: Lap danh sach cac dinh cta d thi E:=[vq, Va, ...,vn] duoc sap xép
theo thir tw bac giam dan: d(v,)>d(v2)=> ... d(vy)

bati:=1;

Buée 2: Té mau i cho dinh dau tién trong danh sach. Duyét 1an lugt cac dinh
tiép theo va t6 mau i cho dinh khong ké dinh di dugc t6 mau i.

Buée 3: Néu tat ca cac dinh di duge to6 mau thi két thiic, d6 thi duoc t6 bang
i mau. Nguoc lai, chuyén sang budc 4;

Bude 4: Loai khoi E cac dinh da t6 mau. Sép xép lai cac dinh trong E theo
thir tu bac giam dan.

bati:=1+1 va quay lai budce 2.

1.2 Yéu ciu ciia thuit toan

Thuat toan phai dam bao duoc cac yéu cau sau day [2], [4].

1. Tinh xdc dinh: Cac budc cua thuit toan phai dugce trinh bay rd rang, mach
lac, dam bao cho nguoi doc chi hiéu theo mot nghia duy nhat.

2. Tinh kha thi: Thuat toan phai thyc hién duoc, nghia 1a ta c6 thé sur dung
may tinh két hop giita cic ngdn ngit 1ap trinh dé thé hién thuat toan hay c6 thé kiém
tra thuat toan chi bang gidy va but (con goi 1a Test).

3. Tinh dirng: Néu dit liéu vao thoa man diéu kién dau vao thi thuat toan phai
két thuc va cho ra két qua sau mot s6 hitu han bude.

4. Tinh chinh xdc (tinh dng dén): Thuat toan phai cho két qua chinh xac va
thé hién ding dan trén co s& toan hoc.

5. Tinh t6i wu: Thudt toan phai c6 chi phi vé khong gian bd nh¢ it nhét va
chay trong thoi gian nhanh nhat.

1.3. Thé hién thuit toin
Thuét toan duoc thé hién bﬁng mot trong cac cach sau
e St dung liét ké cac budc.
e Sir dung luu dd (so d6 khdi).

e Su dung ngdn ngtr 1ap trinh.
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1.4 B¢ phirc tap ciaa thuat toan
1.4.1 Chi phi phdi tra cho m{t qua trinh tinh toan
Chi phi phai tra cho mot qua trinh tinh todn bao gém chi phi vé khong gian
(bd nhd - s6 6 nhd can sir dung trong qua trinh tinh toan) va chi phi vé thoi gian
(thoi gian can sir dung cho mot qua trinh tinh toan).
Néu cho mot thuét toan A. Thuét toan nay thyc hién trén b dir licu e.
— Thuit toan nay phai tra 2 gia: gia vé khong gian 13 La(e), gid vé thoi gian 1a
Ta(e), e 1a bg dir li¢u vao.
Vi du 2: Xét thudt toan A, “Tim s6 16n nhat trong mot day sb”.
Begin
Max = Xy;
Fori:=2tondo
If max < x; then max := X; ;
End.
Thuc hién A trén hai bo dir liéu khac nhau:
+Bo dit licue; = {0, 4,9,5,7, 6}:
Khi d6 La(e;) = 7 (dit liéu vao) + 2 (bién trung gian) = 9.
Ta(e;) = 8 (thoi gian dé thyc hién tat ca cac phép tinh co ban).
+Bo dir licue, ={3,4,6,7,9, 10, 12, 15}:
La(e,y) = 11.
Ta(ez) = 15.
Khi d6 ta c6 cac khai niém vé chi phi phai tra trong cac trudng hop nhu sau:
e Chi phi phai tra trong truong hop xau nhat:
- Chi phi x4u nhét vé bo nhé: La(n) = Max {La(e) | e <n}
- Chi phi x4u nhét vé thoi gian: Ta(n) = Max {Ta(e) | e <n}

e Chi phi phai tra trung binh:
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La tong s cac chi phi khac nhau tng véi cac bo sb lidu chia cho téng sé s6
b6 s6 liéu.

e Chi phi phai tra tiém can:

D6 1a biéu thic biéu dién toc do tang ctia chi phi thuc té phai tra. N6 c6 gia tri
tiém can vaéi chi phi thuc té.

e Nhin xét: Ngay nay do su phat trién khong nging cua khoa hoc cong nghé
k¥ thuat dién tir nén chi phi vé bd nhd khong con 1a van dé can thiét phai ban t6i ma
ta chi quan tdm t6i chi phi phai tra vé thoi gian thuc hién giai thuat. T ddy ta chi
xét dén thoi gian thuc hién giai thuat T(n), hay d6 chinh 1a d6 phirc tap cia thuat
toan.

Sau day la viéc phan tich thoi gian thuc hién giai thuat, mot trong céc ti€u
chuan quan trong dé danh gia hiéu luc cua giai thuat von hay duoc dé cap ti.

1.4.2. Phan tich thoi gian thuc hién giai thuat

Véi mot bai toan, khong chi c6 mot giai thuat. Chon mot giai thuat dua téi
két qua nhanh 1a mot doi hoi thuc té. Nhung cin ctr vao dau dé c6 thé noi duoc giai
thuat nay nhanh hon giai thuét kia?

C6 thé thdy ngay: thoi gian thuc hién mét giai thuat, (hay chuong trinh thé
hién mot giai thuat d6) phu thudc vao rat nhiéu yéu td. Mot yéu td can chu ¥ trudc
tién d6 1a kich thude cia div liéu dwa vao. Chang han thoi gian sap xép mot diy sb
phai chiu anh hudng cta sé luong cac sd thudc diy sd d6. Néu goi n 13 sb luong
nay (kich thudc cua dir li€u vao) thi thoi gian thuc hién T cua mot giai thudt phai
dugc biéu dién nhu mot ham cta n: T(n).

Céc kiéu lénh va téc do xur 1y ciia may tinh, ngdn ngir viét chuong trinh va
chuong trinh dich ngdn ngit 4y déu anh hudng t6i thoi gian thyc hién; nhung nhiing
yéu t6 nay khong dong déu véi moi loai may trén d6 cai dat giai thuat, vi vay khong
thé dua chung vao khi xac 1ap T(n). Piéu d6 c6 nghia 1a T(n) khong thé dugc biéu
dién thanh don vi thoi gian bang gidy, bang phit duoc. Tuy nhién, khong phai vi thé
ma khong thé so sanh dugc cac giai thuat vé mit toc do. Néu nhu thoi gian thuc

hién ciia mot giai thuat 1a T;(n) = c.n® va thoi gian thuc hién mot giai thuat khac 1a
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T,(n) = k.n (v6i ¢ va k 1a mot hang s6 nao d6), thi khi n khé 16n, thoi gian thuc hién
giai thuat T, rd rang it hon so v6i thoi gian thuc hién giai thuat Ty. Nhu vay, néu noi
thoi gian thuc hién giai thuat bang T(n) ti 18 voi n? hay ti 1¢ vo1 n cling cho ta y
niém vé téc d6 thuc hién giai thuat d6 khi n kha 16n (véi n nho thi viéc xét T(n)
khong c6 y nghia). Cach danh gia thoi gian thuc hién giai thuat doc 1ap vdi may tinh
va cac yéu té lién quan voi may nhu vay sé dan téi khai niém vé cp d6 10n cua thoi
gian thuc hién giai thuat hay con goi 1a d6 phurc tap tinh toan cua giai thuat.
1.4.3 Do phirc tap cia thuat toan

Néu thoi gian thuc hién mot giai thuat 1a T(n) = c.n® (v6i ¢ 1a hing s) thi ta
no6i: PO phirc tap tinh toan cua giai thudt nay c6 cap 1a n’ (hay cap d6 16n — toc do
tang — ctia thoi gian thyc hién giai thuét 1a n?) va ky hiéu 1a:

T(n) = O(n?) (ki hidu chit O 16n). Mot cach tdng quat c6 thé dinh nghia:

Mot ham f(n) dugc xac dinh 1a O(g(n))

f(n) = O(g(n)) va duogc goi 1a c6 cap g(n) néu ton tai cac hang sb ¢ va ng a0
cho f(n) < c.g(n) khi n > ng nghia 1a f(n) bi chin trén boi mdt hang sé nhan véi g(n),
voi1 moi gia tri cia n tr mot diém nao do. Thong thuong cac ham thé hién do phtrc
tap tinh toan cua giai thuat c6 dang: O(log,n), O(n), O(nlog,n), O(n?), O(n*), 02",
O(n!), O(nM.

O(g(n)) con goi la @6 phuc tap tiém can cua ham f(n).

Duéi ddy 1a mot sb ham sb hay dung dé ky hiéu do phirc tap tinh toan va

bang gia tri ctia chung dé tién theo ddi su ting ctia ham theo ddi s n.

log,n n nlog,n n° n° 2"
0 1 0 1 1 2
1 2 2 4 8 4
2 4 8 16 64 16
3 8 24 64 512 256
4 16 64 256 4096 65536
5 32 160 1024 32768 2.147.483.648
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Céc ham nhu 2", n" duoc goi 13 ham logi mii, ngoai ra con ¢6 ham n! va mot
s6 ham khac co do phuc tap 16n hon cac ham mi. Mot giai thuat ma thoi gian thuc
hién cua no6 co cép 1a cac ham loai mii thi toc dd rat cham. Céac nhu n®, n?, nlog,n,
logon duoc goi la cac ham loai da thirc. Giai thuat vai thoi gian thuc hién co cép
ham da thire thi thuong hiéu quéa va chip nhan dugc.

Vi du 3: Tinh gi4 tri da thirc P(x) = aX"+a,..X" " +...+a;x+ay vdi ag, ay, ...,an, X nhap
ttr ban phim.

Thuat toan 1:

1. Inputn, a,, ai, az, ..., an, X;
2. S:=a
3. fori:=1tondo
begin
p:=1
forj:=1toido p:=p*x;
S:=S +a*p;
end;
4. Outputs;

Vi mdi gia tri i cua vong ldp 3, vong lip 3.2 thuc hién i vong lip nén khi

(

n = 1 no6 thuc hién du n vong 1ap. Vay vong lap 3 thuc hién %_1) lan cau 1énh sau

do nén thoi gian tinh toén ti 1€ thuan voi n’,

Vay do phuc tap tinh todn cua thuat toan trén la O(nz).
Thudt todn 2: Vi X" = x*x"™! nén c6 thé tan dung két qua cua lan tinh trudc cho lan
tinh sau:

1. Inputn, a, ai, ay, ..., an, X;

2. S:=a, p:=1,;

3. fori:=1tondo

begin
p:=p*x;
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S:i=s+p;
end,;

4. Output S;

Hai 1énh 2 va 4 déu c6 do phtrc tap tinh todn 1a O(1). Vong lap 3 can thuc hién
n 14n hai thao tac tinh s va p. Vay s6 1an thyc hién 1énh 3 13 2n. Do vay, do phuec tap
tinh todn cua thuat toan trén la O(n).
1.4.4. Cac qui tic xac dinh d§ phirc tap tinh toan ciia giai thuat

Xac dinh do phtc tap tinh toan ctia mot giai thuat bat ki c6 thé dan t6i nhing
bai toan phirc tap. Tuy nhién, trong thuc t&, d6i véi mot sd giai thuat ta ciing c6 thé
phan tich dugc bang mot s6 quy tic don gian nhu [2], [4]:

- Quy tdc tong

Gia st Ty(n) va Ty(n) 1a thoi gian thuc hién cua 2 doan chuong trinh P; va P,
ma Ty1(n) = O(f(n)); To(n) = O(g(n)) thi thoi gian thuc hién P, rdi P, tiép theo s& la:

T1(n) + Ta(n) = O(max(f(n), g(n))).

Vi dy, trong mdt chuong trinh c6 3 budc thyc hi¢én ma thoi gian thuc hién
timg bude 1an luot 1a O(n), O(n*) va O(log,n) thi thoi gian thyc hién 2 bude diu 1a
O(max(n? n)) = O(n®).

Mot ung dung khac ciia quy tic nay 1a néu g(n) < f(n) v6i moi n > n, thi
O(f(n) + g(n)) ciing 1a O(f(n)). Ching han: O(n*+n?) = O(n*) va O(n+log,n) = O(n).

- Quy tdc nhén

Néu tuong tmg v6i P, va P, 1a T1(n) = O(f(n)); To(n) = O(g(n)) thi thoi gian
thuc hién P; va P, 16ng nhau s& 1a: T1(n).T,(n) = O(f(n).g(n)).

Vi dy, cdu lénh gan: x := x+1 c6 thoi gian thyc hién bang ¢ (hang sd) nén
duogc danh gia 1a O(1).

Cau Iénh: fori:=1to ndo x := x+1; ¢ thoi gian thyc hi¢n O(n.1)=0(n).

Cau lénh: fori:=1tondo

forj:=1tondox:=x+1;

c¢6 thoi gian thyc hién dwoc danh gia 1a: O(n.n) = O(n%). C6 thé suy ra

O(c.f(n)) = O(f(n)) ching han O(n%/2) = O(n?).
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* Cha y: Phép toan tich cuc (active operation) do la phép toan thudc giai
thuat ma thoi gian thue hién né khéng it hon thoi gian thuc hién cac phép khac (tit
nhién cac phép toan tich cuc khong phai 1a duy nhat) hay noéi mot cach khac: sé 1an
thuc hién n6 khong kém gi cac phép khac. Thong thuong do 1a cac phép toan cong,
trir, nhan, chia va cac phép so sanh.

- Quy tic tong quat
1. Thoi gian thuc hién mdi cau 1énh Gan, Read, Write 1a O(1).

2. Thoi gian thyc hién mdi chudi tudn tu cac cau 1énh dugc tinh theo quy tic
cong.

3. Thoi gian thuc hién cu tric if (diéu kién) then ... duoc tinh bang thoi gian
thue hién cau 1énh sau then hodc sau else. Con cau 1énh diéu kién thuong 1a O(1).

4. Thoi gian thuc hién vong lap dugc tinh 13 tong trén tat ca sb lan lap thoi
gian thuc hién than vong lap. Néu thoi gian thyc hién than vong lap 1a hing s thi

thoi gian thuc hién vong lap 14 tich ctia s6 1an lap vai thoi gian thuc hién than vong

1ap.
Vi du 4: Giai thuét toan tinh gid tri cua e*;
2 n
X X X" .
e x1+=+"—+..+— véix van cho trudc.
n 2 n!

Program EXP1, {tinh tirng sé hang réi céng lai)
1. Read(x); S :=1;
2. fori:z=1tondo

Begin
P:=1;
for j:=1toido p:= p’_cX;
J
S:=s+p;
End;
3. End.
P*X

Phép toan tich cuc ¢ day l1a phép p :=

j
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4 * — 1
Ta thay n6 dugc thyc hién n*(n-1 lan.

Vay thoi gian thyuc hién giai thut nay duge danh gia 1a T(n) = O(n?).
1.5. Phan 16p cac bai toan dua trén do phirc tap cia thuit toan

Khi cho mdt bai toan, c6 hai kha ndng xay ra la: bai toan khong giai dugc
hodc bai toan giai duoc. Trong thuc té co rat nhidu cac bai toan khong thé giai trong
thoi gian da thirc. Vi du bai toan treo (Halting Problem) ndi tiéng cua Turing khong
thé giai bat ky may tinh nao, bat ké cung cip bao nhiéu thoi gian. Ciing c6 cac bai
toan c6 thé giai dugc, nhung khong phai trong thoi gian da thirc O(nk) v6i mot hang
k. No6i chung, ta xem cac bai toan co thé giai dugc bang cac thuat toan thoi gian da
thirc 1a “dé tri”, va cac bai toan yéu cau thoi gian siéu da thic 1a “kho tri”.

Vi d6 phtic tap giai thuat doi v6i mdi bai toan 1a khac nhau thong qua thoi
gian da thirc va si€u da thuec, trén co s& do céc bai toan cling dugc phan chia thanh
cac 16p thong qua do phuc tap thuit toan (da thic hay ham mii). PBo6 1a cac 16p P,
NP, NPC duogc dinh nghia nhu sau [1], [11].

15.1. Lop P

Lép P (Polynomial time — thoi gian da thirc) 13 16p cac bai toan dé, c6 thé
giai dugc bang thuat toan don dinh da thuc.
1.5.2. Lép NP

Lép NP (Nondeterministic Polynomial — thoi gian da thirc khong tat dinh) 1a
16p céac bai toan c6 thé giai dugc bang cac thuat toan khong don dinh da thirc.

Nhiéu gia thiét dat ra rang liéu 16p P va 16p NP c6 dong nhat véi nhau hay
khong? Piéu d6 dang con 1 van dé mé chua duoc 1am sang to. Boi trong NP vin
ton tai 10p cac bai toan khong giai duge bang cac thuat toan da thirc, d6 chinh 1a sy
c6 mit ctia 16p NPC. Nhu vay, chung ta dang chip nhan P< NP.

1.5.3. Lép NPC
Pé dinh nghia 16p NPC, dya vao cac khai ni¢m sau:
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- Khéi niém dan vé duogc: Bai toan B dugc goi la din vé duoc bai toan A mot
cach da thirc néu c6 mot thuét toan don dinh da thac dé gidi bai toan A thi cling co
mot thuét toan don dinh da thirc dé giai bai toan B. ky hi¢u Boc A.

Khi @6 bai toan A kho hon bai toan B hay con goi B dé hon A hay B 1a
truong hop riéng cua A.

Quan hé o ¢6 tinh bic cau: B «C,C o« A = B o A.

- Khai niém kho twong dwong: Bai toan A dugc goi 1a khé twong duong bai
toan B néu nhu A o« B va Boc A. Ky hiéu A ~ B.

e Baitoan NP — kho (NP hard):

Bai toan A dugc goi 1a NP — kho néu ¢6 bai toan L oc A voi VL e NP,
e Bai toan NP day du
Bai toan A duogc goi 1a NP day du (NP-Complate) néu:

A la NP - kho

A e NP
e L&p NPC

Lép NPC 14 16p céac bai toan NP day du, c6 do phuc tap ham mil. Qua d6 cho
thiy: PANPC = @.

Hinh 1.1 minh hoa cac 16p P, NP, NPC dudi dang tap hop.

i
Ce D
Hinh 1.1: Cac l6p P, NP va NPC
KET LUAN CHUONG 1
Chuong nay luan van trinh bay nhitrng khai niém co ban vé bai toan - thuat
toan trong tin hoc, khai niém vé do phirc tap ctia thuat toan va cac nguyén tac danh
gia d6 phurc tap. Trén co s& d6 dua ra nguyén tic phan 16p cac bai toan dé tién hanh

lwa chon giai thuat t6t nhat giai cac 16p bai toan trong thyc té. Céac kién thirc nay da
duoc tham khao trong cac tai liéu [2], [3], [4], [7].
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Chuong 2
MOT SO THUAT TOAN CHON LOQC VA UNG DUNG

2.1 Thuat toan dé quy
2.1.1 Khai niém dé quy
Dé quy (trong Tiéng Anh 1a recursion) 1a phuong phap dung trong cac chuong
trinh may tinh trong d6 c6 mdt ham tu goi chinh noé [2], [7]
Mot khai niém X dugc dinh nghia theo d¢ quy néu trong dinh nghia X c6 st

dung ngay chinh khai niém X.
Vi du 5: Bé dinh nghia vé sd nguyén, nguoi ta dinh nghia nhu sau

-S4 1 1a 86 nguyén

- Néun >1 13 s6 nguyén thi (n+1) cling 1a s6 nguyén
Vi du 6: Dé dinh nghia vé sb n!, nguoi ta dinh nghia

- Néun=0thin!=1

- Néun > 0 thi n! = n*(n-1)!
Vi du 7: Bé dinh nghia vé cdy, ngudi ta dinh nghia

- R 12 gbc cay

- Cay la hop cua cac tap hop Ty, T,,.., T, trong d6 cac T; cling 1a cay
Trong céac dinh nghia trén déu yéu cau 2 van dé quan trong

1. Luon ludn ton tai 1 truong hop dic biét khong dinh nghia duoc phai cong

nhan (1 14 sé nguyén, 0!=1 hay R 1a gbc)
2. Luén dung khai niém cép thap hon dé dinh nghia ra khai niém cap cao
hon

+ Thuat toan d¢ quy la mdt thuat todn ma khi thiét ké no, ta dung chinh n6 dé
thiét ké ra no, khi thuc hién né thi sé& ton tai 1oi goi dén chinh no.
Vi du 8: Xuat phat tir dinh nghia n! Ta c6 thé thiét ké 1 thuat toan dé quy nhu sau:

Function giaithua(n:integer);
Begin
If n=0 then giaithua=1

else
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giaithua = n*giaithua(n-1);
End.
Nhu vay dic diém cua thuat toan dé quy doi hoi
1. Phai c6 dinh nghia d¢ quy
2. Diém ding cua thuat toan chinh 13 tredng hop dic biét khong dinh nghia
duorc.
3. Tbn tai 10i goi ti chinh ban than né theo ding dinh nghia.
Vi du 9: Binh nghia day Fibonaci
B(n) = 1 néun = 1 hodc n= 2 - Pay la truong hop dic biét phai cong nhan
B(n) = B(n-1) + B(n-2) - bay la dinh nghia theo d¢ quy
Khi d6 ta s€ c6 thuat toan
Function B(n:integer);
Begin
if (n=1) or (n=2) then B=1
else B=B(n-1)+B(n-2);
End.
2.1.2 Giai thuat dé quy va thi tuc dé quy:
Mot thi tuc goi 1a dé quy néu trong qua trinh thyc hién né phai goi dén chinh
n6 nhung voi kich thudc nhé hon ciia tham so.
- Céch xay dung ham, thu tuc d¢ quy thuong duogc viét theo thuét toan sau:
IF truong hop suy bién THEN
Begin
trinh bay cach giai bai toan
End
else
Begin
Qoi dé quy ti ham, thii tuc dang xdy dung véi bé tham s6 méi

End;
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Vi du 10: Dé lap ham tinh giai thira cia mot s6 nguyén khéng am ta c6 thé 1am theo
2 cach nhu sau:
Céch 1: Ham tinh n giai thtra dung theo dé quy
Function Giaithua ( n:longint) : longint;
begin
if n =0 then giaithua :=1
else giaithua :=n * giaithua ( n-1);
end;
Céach 2: Ham tinh n giai thira bang cach dung vong lap for:
Function Giaithua( n: longint) : longint;
Var I, GT : longint;
Begin
GT :=1;
If n>0 then
Fori:=1tondo GT :=GT *1i;
Giaithua := GT;
End;
Vi du 11: Xét bai toan tinh tong:
f(a,n)=a[1] +a[2] + ...+ a[n]
+ Trudng hop suy bién 13 trudng hop n = 1, khi d6: f(a,n) = a[1]
+ Trudng hop tong quat n>1, bai toan quy vé viéc tinh tong ciia (n-1) phan tir
nhu sau:
f(a,n) =(a[1] + ... +a[n-1]) + a[n] = f(a, n-1) + a[n]
Ham dé quy tinh tong duoc viét nhu sau:
Type DS = Array [1..100] of Real;
Function TongDS (a: DS; n: Integer) : Real,
Begin
If n=1then
TongDS :=a[1]
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Else
TongDS := TongDS (a, n-1) + a[n];
End;
2.1.3 Céu triic va dic diém caa dé quy.
- Céu trac: Gom 2 phan

+ Phan co s¢: chita céc tac dong cua ham hodac thu tuc vé1 mot sb gia tri cu
thé ban dau ctia tham sb.

+ Phan dé quy: dinh nghia tac dong can duoc thue hién cho gia tri hién thoi
clia cac tham sd bang céac tac dong da dugc dinh nghia trude ddy véi kich thudce
tham s6 nho hon.

- Bic diém:

+ Trong thu tuc dé quy c6 10i goi dén chinh no.

+ Mbi lan ¢6 101 goi lai thu tuc thi kich thudc cua bai toan thu nho hon trude.

+ Sir dung dé quy 1a mot phuong phap 1am cho chuong trinh ngan gon, dé
hiéu nhung no s& 1am ton bo nhé va thoi gian néu nhu ciu trac ham dé quy “phirc
tap”.

2.1.4 Mt s6 bai toan thwong gip trong dé quy:

Thuc té c6 rat nhidu bai toan c6 sir dung giai thuat dé quy nhu bai toan tinh
giai thtra ctia n! hay bai toan tinh gia tri cua day Fibonacci ... Trong luan van chi di
Sdu vao mot vai bai toan dién hinh nhét trong d6 da dua ra dugc ban chit ndi bat
nhat cua dé quy.

Vi du 12: Bai toan Thap Ha Ngi.

¢ Bai toan: C6 3 céi coc , danh dau A, B, C va N cai dia. Mdi dia déu c6 mot 16
chinh giita dé dit xuyén qua coc, cac dia déu c6 kich thudc khac nhau. Ban dau tat
ca céc dia déu duoc dit & coc thir nhét theo thi tu dia nho hon & trén.

Yéu cau cta bai toan 1a chuyén tit ca cac dia tir coc A qua coc C v6i 3 rang
budc nhu sau:

1. MQdi 1an chi chuyén duoc mot dia.

2. Trong qué trinh chuyén dia c6 thé dung coc con lai (B) dé lam coc trung
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gian.

3. Chi cho phép dat dia c6 ban kinh nhé hon Ién dia c6 ban kinh 16n hon.
¢ Phan tich bai toan:

Trong bai toan trén hinh dung mot 161 giai tong quat cho trudng hop téng
quat N 1a khong dé dang.

Hay bét dau voi cac trudng hop don gian sau:

- Vi N = 1: Chi can chuyén dia nay tir coc A qua coc C 13 xong.

- V6i N = 2: Bé dam bao rang budc thir hai ta bat budc chuyén dia trén cing
tir coc A qua coc B. Chuyén tiép dia con lai tir coc A qua coc C. Chuyén tiép dia
dang ¢ coc B sang coc C.

- V61 N = 3: ta phai thyc hién 7 budce nhu sau:

A B L

Trang thii ban dau e

Buwic 1: Chuyén

mat dia tir A qua C. y Q

Bwdc 2: Chuyén

mét dia tir A qua B. e . -

Buwdc 3: Chuvén

mdat dia tir C qua B. e 9}

Buwéc 4: Chuvén

mat dia tir A qua C. \'Le) 9

Bwic 5: Chuyén

mat dia tir B qua A e L Q

Bwéc 6: Chuvén

maét dia tir B qua C. | — g
Bwdc 7: Chuyén
mdrt dia tir A qua C. &

Hinh 2.1 M5 ta budc chuyén cua dia

¢ Nhan xét:

O két qua cua budc thir ba. Pay 1a mot két qua quan trong vi n6 cho ta thiy
tu truong hop N = 3 bai toan da dugc phan chia thanh hai bai toan véi kich thude
nho hon. D6 14 bai toan chuyén 1 dia tir coc A qua coc C 14y coc B 1am trung gian
va bai toan chuyén 2 dia (doi) tir coc B sang coc C lay coc A lam trung gian. Hai

bai toan con nay di biét cach giai (trudong hop N = 1 va truong hop N = 2).
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+ Nhan xét d6 cho ta goi ¥ trong truong hop tong quat:

Buée 1: D1 (N-1) dia trén cung tir coc A sang coc B ldy coc C lam trung
gian.

Buéc 2: Chuyén 1 dia dudi cung tir coc C.

Buée 3: Doi (N-1) dia dang & coc B sang coc C 1iy coc A 1am trung gian.

Nhu vay, bai toan ddi voi N dia ¢ trén duoc “dé quy” vé hai bai toan (N-1)
dia va bai toan 1 dia. Qua trinh dé qui sé ding lai khi N = 0 (khong con dia dé doi
hoic chuyén).

- Giai thuat d¢ quy cho bai toan thap Ha Noi:

Procedure dich_chuyen(n, A, B, C);

1. if n=1 then chuyén diatr A sang C

2. else
begin
dich_chuyen(n-1, A, C, B);
dich_chuyen(1, A, B, C);
dich_chuyen(n-1, B, A, C)
end
3. return

2.2 Thuat toan tham lam
2.2.1 Tong quan vé thuit toan tham lam
2.2.1.1 Thudt toan tham lam la gi?

Thuat toan tham lam (Tiéng Anh: Greedy algorithms) 1 mot thuat toan giai
quyét mot sb bai toan theo kiéu metaheuristic dé tim kiém lwa chon tdi wu dja
phuong & mdi budc di véi hy vong tim dugc ti uu toan cuc [1], [3].
2.2.1.2 Pdc diém cuia thudt todan tham lam

Muyc dich cua thuat toan tham lam la xay dung bai toan giai nhiéu 16p bai
toan khac nhau, dua ra quyét dinh dya ngay vao thuat toan dang c6, va trong twong

lai s& khong xem xét lai quyét dinh trong qua kh.
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e Uu diém cua thuit toan tham lam
- D& dé xuét.
- Thoi gian tinh nhanh.
e Dic diém
Lo1 giai bai todn 1a mot tap hiru han S cac phﬁn ttr thoa man diéu kién nao do,
ta phai giai quyét bai todn mot cach tdi wu. No6i cach khac nghiém S phai dugc xay
dung sao cho ham muc tiéu f(S) c6 gia tri tét nhat (16n nhat, nhé nhat) co thé.

Cdac buorc giai bai toan nhw sau

- C6 mot tap cac ung cur vien C dé chon cho cac thanh phén cua nghiém tai
mdi budc.

- Xuét phat tur 101 giai r6ng S, tai mdi budc cua thuat toan, ta s& lua chon mot
g cir vién trong C dé bo sung vao 10i giai S hién co.

- Xay dung dugc ham Seclect(C) tai mdi budc chon dé lya chon mot ung cu
vién c6 trién vong nhéat dé dua vao 10i giai S.

- Xay dung duoc ham Feasible(Sux) dé kiém tra tinh chap nhan dugc tng
cu vién x khi dua vao tap nghiém S.

- Cubi cung khi c6 duoc tap S, xdy dung ham Soluition(S) dé kiém tra tinh
chép nhan dugc cua o1 giai S.
2.2.1.3 DPiéu kién dé mot bai todn ap dung dwoc giai thudt tham lam

Cac dang bai toan tim phuong an toi wu nhu bai toan ngudi du lich, bai toan
cai tii ... Chiing thudc 16p cac bai toan tdi uu to hop 1a mot trudng hop riéng ctia
bai toan t6i wu.

Céc bai toan t6i uu to hop co rat nhicu img dung trong thyc tién va viéc tmg
dung tré nén tot hon rat nhicu khi ngudi ta nghién ciru cic thuat toan toi wu va cai
dat trén may tinh.

Mot trong nhitng thudt todn dé gidi quyét cdc bdi todn trén la thudt todn
tham lam.

Thuét toan tham lam (Greedy Algorithms) dugc dung dé giai quyét cac bai

toan ma chung ta c6 thé quyét dinh ddu 1a lwa chon tbt nhat.
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Néu c6 thé chirng minh rang mot thuat toan tham lam cho ra két qua téi wu
toan cuc cho mot 16p bai toan nao do, thi thuat toan thuong s€ tré thanh phuong
phap dugc chon lya, vi n6 chay nhanh hon cac phuong phéap tdi wu hoa khac nhu
quy hoach dong. Tuy nhién trong mot s6 truong hop thuat toan tham lam chi cho
nghiém gan dung véi nghiém tdi vu.
2.2.1.4 Nhitng dang bai todn thuong ding thudt todn tham lam dé gidi

- Cac thuat toan tham lam chu yéu dé giai quyét cac bai toan tdi uu.

- Cac bai toan tdi vu 12 cac bai toan c6 dang téng quat nhu sau

1. Ham f(X) duogc goi la ham muc ti€u, xac dinh trén mot tap hiru han céac phﬁn
tu D.

2. Mi phan tir X thudc D c¢6 dang X=(x1, Xa,....,Xn) dugc goi 1a mot phuong
an.

3. Tim mot phuong an Xg thudoc D sao cho f(X) dat gia tri 16n nhat hodc dat gia
tri nho nhat trén D. Thi X, duoc goi la phuong an tbi vu.

4. Tap D duoc goi 1a tdp cac phuong an cua bai toan.
Vi du nhu cac dang bai toan sau

- Mét tap cac ddi tuong

- M6t day cac doi tuong da lya chon

- Mot ham dé xem mot tip cac ddi twong c6 1ap thanh mot giai phap hay
khong (khong nhat thiét tdi uu)

- M6t ham dé xem mot tap ddi tuong co 14 tiém niang hay khong

- M6t ham dé Iwa chon Gmg vién c6 trién vong nhét

- M6t ham dich cho mot gia tri ctia mot giai phap (dé toi uu hoa)
2.2.2 Van deé thiét ké thuat toan
2.2.2.1 Cdc thanh phan ciia thudt toan tham lam

Xét bai toan chon hoat dong, ta dinh nghia bai toan con Sjj v6i i# j, néu ludn

thuc hién lya chon tham lam ta c6 thé gi61 han cac bai toan con dugc thanh 1ap boi

Si,n+1
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Nhu mot sy lya chon, ta ¢6 thé tao nén ciu trac con tdi vu véi mot lya chon
tham lam c6 nghia. Didu d6 c6 nghia 14, c6 thé b qua chi sb dudi thir hai va dinh
nghia c4c bai toan con cua cong thuc s, ={a, eS| f, <s,}. Sau d6, chirng minh rang
mot lya chon tham lam (hoat dong déu tién a,, dé két thic Si) két hop véi mot giai
phap tdi wu dé di dén tap con lai Sy, ctuia cac hoat dong tuwong thich, mang lai mot
giai phéap toi vu ddi v6i S;. Mot cach tong quat, thuat toan tham lam duoc thiét ké
theo cac budc:

1. Tim lya chon sao cho budc tiép theo chi giai quyét mot bai toan con.

2. Chting minh véi su lua chon tham lam tai moi buéc ta ludn tim dugc mot

giai phap t6i wu cua bai toan ban dau.

3. Chi ra rang véi sy lya chon tham lam tai mdi budc, giai phap t6i wu cua
bai toan con con lai két hop véi sy lua chon tham lam nay s& di dén mot giai phap
t0i wu cho bai todn ban dau.

Khéng c6 cach tong quat cho mot thudt toan tham lam giai quyét mot bai
toan tdi wu, nhung chién luge lya chon tham lam va ciu trac con tdi wu 13 hai thanh
phan then chdt, thuc té da ching minh rang cac bai todn ¢ 2 thudc tinh nay 1a rat
thuan loi cho viéc xay dung mot thuat toan tham lam giai quyét né.

Néi chung, gidi thudt tham lam thong c6 5 thanh phan

1. Mot tap hop cac Gng cir vién (tap gia tri dé cir) dé tir d6 tao ra 101 giai.

2. Mot ham lwa chon (select) dé theo d6 lya chon tmg ctr vién tot nhat dé bd
sung vao o1 giai.

3. Mot ham kha thi, dung dé quyét dinh néu mot timg cir vién co thé duoc dung
dé xay dung 10i giai.

4. Mot ham muc tiéu, 4n dinh gia tri cua 101 giai hodc mot 101 giai chua hoan
chinh.

5. Mot ham danh gia, chi ra khi ndo tim dugc mdt 161 giai hoan chinh

Trong 5 thanh phan trén c6 2 yéu té quyét dinh téi tinh tham lam ctia thuat toan:
+ Tinh lwa chon tham lam: Py 1a thanh phan then chdt du tién, mot giai

phap t8i wu toan cuc co thé dat duoc bé“mg cach lya chon t6i uu cuc bd (tham lam).
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Nhu vay, khi c6 nhiéu sy lya chon thi ta lya chon phuong an nao tdt nhat &
hién tai trong bai toan dang xét ma khéng can quan tim dén két qua cua cac bai toan
con cua no.

+ Cdu triic con téi wu: Mot bai toan c¢6 cau tric con tdi wu néu giai phap toi
wu cho bai toan nay chira trong n6 cac giai phap toi wu cho cac bai toan con. Thude
tinh nay 1a diém quyét dinh dé co thé giai bai toan bang phuong phap quy hoach
dong cling nhu tham lam dugc hay khong?

Thuat toan tham lam c6 dugc mot giai phap toi wu cho mot bai toan bang
cach thuc hién mét chudi cac lwa chon. Ddi voi mdi quyét dinh chi ra trong thuéat
toan su lya chon nay thuong la tdt nhat tai thoi diém duge chon.

Chirng minh:

- Theo tinh chat lya chon tham lam, ton tai giai phap tdi vu S chtra mot lua
chon tham lam a;. Theo tinh chit ciu trac con téi wu, X-{a;} 14 giai phap t6i uu cua
bai toan con Khong chura a;.

- Ap dung cho bai toan con khong chura a,, theo tinh chit Iya chon tham lam,
X-{a,} 1a giai phéap t6i vu chira lya chon tham lam a,. Theo tinh chat cau tric con tdi
wu, X-{a;,a,} 1a giai phap tdi vu cho bai todn con khong chira a; va a,

- Tiép tuc nhu thé, cudi cung ta c6:

X-{ay,a,...,an} =2.

Vay giai phap t6i uu X cua bai toan ban dau 1a mot day céc su lyu chon tham
lam thuc hién boi thuat toan tham lam.
2.2.2.2 So dé chung dé gidi cdc bai todn bang gidi thudt tham lam

Tw tuwong cua phwong phap tham lam

Ta xay dung tap S dan ting budc, bat dau tir tap rong. Tai mdi budc ta s&
chon mot phan tir “tot nhat” trong cac phan tir con lai cia A dé dua vao S. Viée lya
chon mot phén ttr nhu thé & mdi bude duoc hudng din boéi ham chon. Phan tt duogc
chon s€ bi loai khoi tap A. Néu khi thém phﬁn tor dugc chon vao tap S ma S van con
thoa man cac diéu kién cua bai toan thi ta mé rong S bang cach thém vao phan thu

duoc chon.
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Mo hinh:

Chon S tu tap A.

Tinh chét tham lam cua thuét toan dinh hudéng béi ham Chon

- Khéi dong S = I;

- Trong khi A # &,

e Chon phan tir tot nhat ciia A gan vao x : x = Chon (A);
e Cap nhat cac ddi twong dé chon A : A=A - {x};
e Néu S U {x} thoa min yéu cau bai toan thi:
Céap nhat 101 gidi: S=S U {x}
- Thu tuc thuat toan tham lam
+ Input A/l Tdp cdc doi twong cho triede
+ Output X //Loi gidi, xdy dung phuwong dan X tir A
Greedy Method(A,X);
Begin
X:=1[I;
While (A <> &) Do
Begin
X = Select(4);// Ham chon x tot nhat trong A
A = A-{x}// Loai x ra khoi A
If (X U {X} chdp nhin dwoc) then X = X U {x};
Return X;
End;

End;

Trong thu tuc téng quat trén, Select 1a ham chon, cho phép chon tir tap A mot
phan tir dugc xem 1a t6t nhat, nhidu hira hen nhét 1a thanh vién cia tap nghiém.
2.2.3 Mot s6 bai toan ap dung thuit toan tham lam

Bai toan xé}? lich cho cac hoat dong

1. Mo ta bai toan
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- Xét S = {a;,ay,..,a,} 1a tap cac hoat dong mudn st dung tai nguyén (vd: hoi
truong)

- Mdi hoat dong a; s& c6 thoi diém bat dau 1a S; va thoi diém két thuc 1a f;,
voi diéu kién 0 < S; < f; < o0. Néu hoat dong a; dugc chon, thi n6 s€ doc chiém tai
nguyén trong khoang thoi gian [S;,f;). Hoat dong a; va a; dugc goi la twong thich 1an
nhau néu nhu khoang thoi gian [S;,f;) va [S;,fj) 1a khong giao nhau

2. Yéu cau: Mbi thoi diém chi c6 1 hoat dong sir dung tai nguyén chung.

3. Muc tiéu: Chon dugc mot tap 1on nhat cac hoat dong tuong thich v&i nhau
(khoang thoi gian thyc hién khong giao nhau) => Tan dung t6i da tai nguyén.

Vi du a; va a; la tuong thich néu S > fi hoac Sj > fi

4.Y tuéng giai quyét bai toan

Xét mot bai toan con khac rong Sjj, va néu ap, 1a mot hoat dong trong Sjj co
thoi diém két thic som nhat: f, = min{f k: ak e S;}. Thi:

* Hoat dong a,,, dugc sur dung trong mot tap con 16n nhét nao dé cua cac hoat
dong tuong thich 1an nhau cua Sij.

« Bai toan con Siy 1 rong, do do néu chon ap, thi chi con duy nhét bai toan

con khac rong Sy
Muc tiéu :

Giam sb cac bai toan con va s cach chon:

Chi duy nhat mot bai toan con duoc sir dung trong giai phap tdi wu (mot bai
toan con khic rong)

Chi can 1 chon lya cho bai toan con: chon hoat dong nao c6 thoi gian két thuc
som nhat trong Sij (d€ dang).

C6 thé giai mdi bai toan con theo phuong phép top down (thay vi bottom up
trong 1ap trinh dong).

Vi khi chon ap, chic chin 10i giai Smj s€ duogc dung trong 101 gidi t6i wu cua
Sii— khong can giai Sy trude khi gidi Sy

Tém lai: Dé gidi bai todn con Sjj, déau tién chon hoat dong ap, trong S;j co thoi

gian két thic sém nhat ro1 moi tim 101 giai cho bai toan con Sy
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5. Chuong trinh minh hoa cho thuat toan

- Input:
Mang S va f biéu dién thoi diém bat dau va két thuc ctia cac hoat dong
Gia st N hoat dong da xép theo thtr ty ting dan cua thoi diém két thuc.

fos fi< <. <fh < fru

- Output:
Tra vé mot tap lon nhét cua cac hoat dong tuong thich véi nhau trong S; 41
Chuong trinh:
RECURSIVE-ACTIVITY-SELECTOR (s ,f i, n)
M «i+1

While m < nand s,<f; {Tim hoat dong dau tién trong Si n+1}
Do m«i+1
If m<nThen
Return {a,,} U RECURSIVE-ACTIVITY-SELECTOR(s ,f ,m ,n)
Else Return O

2.3 Thuit toan x4p xi (Heuristic)
2.3.1 Cac khai niém

Thuat toan xap xi 1a cac thuat toan tim 10i giai xdp xi cho céac bai toan tdi wu
hoa. Thuat toan xép xi thuong dugc st dung cho cac bai toan NP - kho, hodc cac
bai toan c6 thuat toan da thirc nhung qua cham cho dir li¢u 16n [1].

Nguoi ta cho rang ngdy nay may tinh véi téc do rt 16n, khong can quan tim
nhiéu t6i thuat toan nhanh nhung véi su kiém ching sau day: Bai toan xt 1y véi n
doi tuong, cd 3 thudt toan voi 3 mirc phuc tap khac nhau, sau 1 gio xir Iy s€ chiu 3

hau qua khac nhau.

Thuat toan | BJ phc tap Xu ly/1 gio
A O(n) 3,6 triéu d6i twong
B O(nlog,n) | 0,2 triéu ddi twong
C 02" 21 d6i tuong
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Trong khi d6 nhiéu bai toan c6 ¥ nghia thuc té lai thudc 16p cac bai toan
NPC va rét quan trong. Néu mdt bai toan 1a NPC ta &t khong tim mdt thuat toan thoi
gian da thirc. Vi vy, c6 hai cach tiép can dé ¢ thé khic phuc tinh NPC.

1. Néu dir lidu dau vao thuc té 1a nho thi mot thuat toan c6 thoi gian thuc
hién ham mii ¢ thé hoan toan thoa mén.

2. Tim cac giai phap gan tdi wu trong thoi gian da thirc.

* Mot thudt todn tra vé cdc két qua gcfn 16i wu duwoc goi la mot thuat toan xdp XI.

Ta c6 cac khai niém sau day:

o Thudt todn t6i wu nhanh: La thuat toan tim nghiém t6i uu, nhung nhanh (d6
phuec tap thoi gian la da thuc).

o Thudt todn toi wu chdm: La thult toan tim nghié¢m tdi uu nhung cham (do
phuec tap thoi gian 1a ham mil).

e Thuat toan xdp xi nhanh: La céc thuat toan tim ra nghiém gén ding cua bai
toan voi do chinh xac nao d6 nhung du nhanh. Thuat toan nhu vay con duoc goi la
“Thuat toan x4p xi da thirc”.

Vi du 13: Bai toan phu dinh t6i wu

- Input: Cho @6 thi v6 huéng G = (V, E).

- Output: Tim phu dinh t6i vu (phu dinh c6 kich thudc cuc tiéu).

Bai toan VC tim ra phu dinh c6 kich ¢& cyc tiéu 1a NPC. Do d6 kho c6 thé
tim ra 1 phu dinh t6i wu nhung khong qua khé dé tim ra mot phu dinh gan tdi uu.

Sau day 1a mot thuat toan x4p xi cho két qua 1a mot phii dinh c6 kich c&
khong 16n hon 2 1an kich ¢& mét phua dinh téi wu trong thoi gian da thirc:

Procedure Approx _VertexCover;

Begin
C := ¢; {C - tap phu gan t6i uu}
E :=Tap canh cua do thi G;
While E = ¢ do
Begin

Chon (u, v) la mot canh tuy y cua E;
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C := C w{u, V}; {Két nap hai dinh u, v vao phi dinh C};
G0 bo khoi E moi canh lién thuoc voi u hodac v;
End;
Return(C);

O 0 W 6

a) Do thi G b) Chon canh (b, c), go bo (b,a),(c,e),(c,d)

c) Chon tiép (e, f), g6 b6 (e, d),(d, /) d) Chon canh (d,g), E = ¢
Hinh 2.2 Tim phu dinh t6i vu
Két qua: Phu dinh C ={b, ¢, d, e, f, g} gan t6i vu c6 kich thudc 6. (phu dinh
t6i uu {b, e, d} c6 kich thudc 3)
2.3.2 Thuit toan & - xap xi tuyét doi
Cho P la bai toan cuc dai hoa.
Goi H Ia thu tuc Heuristic, thuat toan tim mot nghiém nao dé cho P.
Ki hiéu OPT(I) 1a nghiém tdi uu ctia bai toan P ddi vai thé hién 1.
Ki hiéu H(I) 1a nghiém gan dting ctia P do thuat todn H tim ra.
Cho &>0, thu tuc Heuristic H duoc goi 1a thuat toan ¢ - xép xi tuyét ddi khi

va chi khi [OPT(I)~H(I)| < ¢ cho moi thé hién I cua bai toan P (I: instance) v6i ¥

bo dir lidu.
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Vi du 14: Bai toan luu trit t6i da s6 lugng chwong trinh
- Input: + N chuong trinh véi dung lugng nhé (46 dai) dy,do...., d,
+ Hai biang nhd véi dung lugng (46 dai) mdi bang 1a L.
- Output: Hay ghi cc chuong trinh 1én 2 bang nhé voi s6 luong tdi da, mdi
chuong trinh chi dugc ghi trén mét bang nho.
Bai toan nay di dugc ching minh 1a NP-day du. Vi vdy viéc tim thuét toan
da thirc cho né 1a it hi vong.
Nguoi ta da dung giai phap tim thuat toan xap xi nhanh cho phép tim duoc
nghiém gan dung ctia né nhung chi mat thoi gian da thiec.
Sau day 1a thut toan &-xap xi tuyét ddi: Cho két qua nghiém tdi uu va
nghiém gan dtng chi chénh nhau c6 1.
Thuét toan ¢ - xap xi tuyét doi:
Procedure XXTD;
Begin
1. Sdp xép cdc chwong trinh theo thir tw ting dan cia dv,ds, ..., dy;
2.1:=1;
For j:=1to 2 do
Begin
dodai:=0;
While (dodai + d; < L) and (i < n) do
Begin
<ghi chuong trinh i vao bang nho j>;
Dodai := dodai + d;;
1= 1+1;
End;
End;
End;
Chu y: Muc dich mudn chi trén 2 bing nhd ¢6 d6 dai L ma luu trir duogc t6i

da cac chuong trinh. Theo suy nghi thong thuong thi hay uvu tién cac chuong trinh
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c6 do dai ngin hon, vi vay dau tién 1a sip xép cac chuong trinh theo thir ty ting dan
cac d6 dai cua chung. Tiép theo 1an luot xép theo thtr ty nay 1én ting bing nhé mot.
Do 2 bang nhd c6 d§ dai nhu nhau nén dung bang nao trude cling dugce. Theo thuat
toan trén thi dung bang 1 trudc. Bién “dodai” ghi lai tong d6 dai bang nhé dung dé
luu cac chuong trinh.

Bai toan nay con duoc goi la bai toan cit n doan sit tir 2 thanh st ¢ cung do
dai L sao cho so luong doan sat cit ra 1 nhiéu nhat (Chat sat - Cutting problem).
Chung minh [OPT(I) - H()|<1

- Pat k = H(I) 1a nghiém cua thuat toan Heurtstic = k 1a s6 luong chuong
trinh duoc luu trir trén 2 bang nhd theo cach sip dit cta thuat toan xap xi trén.

- Goi p 1a s6 lugng chuong trinh dugc ghi trén 1 bang nhé ¢6 d6 dai bang 2

bang noi trén
p

Nhu vy k < OPT(I) <pva > d, <2L (1)
i=1

Ta chimg minh [OPT(1)-H(I)| <1< OPT(l) -k <1< OPT(I) <k+1 (2)

Theo (1) thi chi cAn ching minh p < k+1 1a du vi khi d6 OPT(1) < p < k+1.

Chitng minh bang phdn chirng:

k+2 p
Giasup>ktlep>k+2e D d <>d <2L (3)

i=1 i=1

Goi m 12 s6 lugng chuong trinh duoc ghi trén mot bang theo thuat toan xap xi trén.

Khidé: >d+d,>L=>d+d, >L (4)
i=1 i=1
Kk k
Tuong ty trénbangnh¢2: > d;+d,, >L= > d +d,,>L (5)
i=m+1 i=m+1

k+2
Tir (4),(5) taco : D d; > 2L = méu thuan véi (3) = p<k+1 (dpcm).
i=1
Do phure tap thoi gian cua thudt todn:
Thoi gian xtr Iy cta thudt toan x4p xi trén 1a O(nlog,n) (chil yéu 1a phan sép

xép cac chuong trinh theo thtr tyr ctia d6 dai). Trong khi thudt toan chinh xac phai
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can c6 thoi gian ham mii, ma hiéu qua 1 2 nghiém chi chénh nhau c¢6 1. Néu nhing
bai toan duoc giai tét nhu vi du trén thi dung giai phdp & - xap xi tuyét d6i. Nhung
khong phai khi nao ciing sudn sé nhu vdy vi cac thuat toan & - xap xi tuyét ddi tim
dugc khong nhiéu.

Hién nay phan 16n cic bai toan NP - ddy du thi viéc tim thudt toan - xap xi
tuyét dbi cho chung ciing lai 1a NP - day du. Ching han nhu bai toan xép bald
(KNAPSACK), bai toan nguoi ban hang (Traverling Salesman Problem), bai toan
MaxClique ... Chinh vi 1& d6 ngudi ta dan ra khai niém yéu hon goi 1a Thuat toan

£ - xap xi.

2.3.3 Thuit toan ¢ - xap xi
Cho P 1a bai toan cuc dai hoa.
Goi H la thu tuc Heuristic, thuat toan xép xi tim mot nghi€ém nao dé cho P.
Ki hiéu OPT(I) 1a nghiém t&i wu cua bai toan P d6i v6i thé hién I (Instance).
H(I) 1 nghiém gan dtng cta P do H tim ra.
Thu tuc Heuristic H dugc goi 1a thuat todn ¢ - xép xi khi va chi khi:

OPT(1)-H(1) <4 cho VI
OPT(1) ~ '

Vi du 15: Bai toan xép bald gia tri nguyén (Integer - Valued Knapsack)

- Input: Mot ba 16 c6 thé tich B, n d0 vat c6 thé tich: ay, a,,...a,, gia tri tuong
tmg cua cac do vat 1a: py, Pa,...pn . SO lwong mdi loai d6 vat 1a khong han ché, x;
nguyén la sb luong loai dd vat i.

n n
- Ouput: Tim nhém dd vat thoa min Zai X; <B va Z P;X; dat max ?.
i=1 =

Tom tat: Y x,p, — Max véi > xa <B,x, €Z,0<x <b. & ddy b, < {E}, diéu nay
W.

i=1 i=1 1

W.

\ < A ‘A 3 B ’ A A A A r <\ Ao ) A r
1a hién nhién vi {—} chinh 1a s6 nguyén do vat c6 cung thé tich aj c6 thé nhét dugc

vao ba 10.
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Truong hop bj= 1 Vi thi van dé trén goi 12 bai toan xép bald 0-1, tirc 1a chi
duoc xép nhiéu nhét 1 1 d6 vat vao bald (0-1 Knapsack)

Bai todn nay da dugc ching minh la NP- dﬁy da. Vi vay viéc tim thuat toan
da thtc cho no 1a khong hi vong. Ngudi ta da thir tim thut toan xap xi tuyét doi
(nhanh) cho n6 nhung ciing khong thanh cong vi viéc tim mdt thuat toan nhu vay
cling lai la NP- kho.

Sau déy la thuat toan 1/2 - x4p xi cho bai todn xép bald tri nguyén

Procedure XAPXI12;

Begin
1) scfp xé'p 1 Sépi/ai 1= 1,2,..,n theo thir tw gidm dan;
2)T:=0;
fori:=1tondo
begin
xi == [(B-T)/ail;
T :=T+Xa;;
end;
End.

Chirng minh:

- V6i mdi thé hién I ta c6 OPT(1) < pl.aE va pl{E} <H()
a

1 1

Mat khac B - {E}al < % (vi néu nguoc lai thi dan dén vo 1y)
a

1

.42
Khide 2PTM-HM) o HO) o, L&) a :ézl_
OPT(1) OPT(1) B B B 2

al

Do phure tap thoi gian cua thudt toan
Thoi gian xir 1y thuat toan x4p xi trén chi 1a O(nlogn) (chu yéu 1a phéan sép

xép ti s6 pila;), trong khi néu dung thuit toan chinh x4c phai can thoi gian ham md.
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Ngoai bai toan xép baldé (Knapsack) trén, hién nay nguoi ta di tim duoc thuat toan
¢ - xp xi cho nhiéu bai toan khac nhau, dic biét trong cac van dé 1ap lich. Tuy vay
v6i nhiéu bai toan NP - day du thi viéc tim thuat toan ¢ - xap xi cho chung ciing lai
]a NP - day du. Chang han nhu bai toan Traveling Salesman Problem (TSP), bai
toan quy hoach nguyén (Integer Programming)..
2.3.4 Chirng minh tinh ding din ciia thuit toan

a. Vi du 16: - Input: Cho diy di sap a, <a, <...<a_ . va mot s6 TIM

- Output: Tim vi tri ctia phan tir trong day a, = TIM.
Giai thuat tim kiém nhi phan:
Left := 1; Right := N; Found := False;
While (not found) and (Left < Right) do
Begin
Mid := (Left +Right) Div 2;
If Tim < a,g Then Right := Mid
else If Tim >aq Then Left :=Mid
else found := True;
End.

b. Phuong phap thir

- Thir mét s6 bo dix lidu: 9, 11, 15, 20, 23, 25, 30.

- Néu Tim e{ay,..,an.1} thi cho két qua ding.

- Néu Tim = a, dan dén 1ap v6 han

— Phai thay Right := Mid - 1;
Left := Mid + 1;

¢. Kiém chung tinh ding dan
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Vi du 17: Tinh trung binh n sé.

Nhép ap, )
\ 4 >
i:=1; sum:=0
9
H F
C
! >
sum:=sum-+a;

A\ 4
ir=i+1 TB:=sum/n } 0]

Hinh 2.3 So d thuat toan tinh trung binh n sb

Chitng minh: Tu (I) qua (C) ra (O) bang phuong phap quy nap theo n
(1) Véin=1— sum:=sum+a; = a; — dung.
(2) Gia st qua trinh (C) dung v6i i = n-1, phai chiing minh (C) ding véi 1 = n

n-1 n

=Y a+a,=ya.

i=1 i=1
Tr6 lai vi du 16 (tim phan tr nho nhat thi k):
Procedure CHON(S,K);
1. If S| =1 then return (phan ti duy nhdt ciia S)

else

Begin

2. Chon phd‘n tir tach thuoc S
Tach S thanh 3 tdp $1,5,,53

3. Si:={xeS|x<tach};
Sp:={xeS[x=tach};
Sz:={xeS[x>tach};

4. 1f S, >k then CHON(Sy,K)

else
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if S, +|S,| =k then Return (phan iz Ia tach)
else CHON(S,, k- S, -|S,|);

End.
Chitng minh tinh diing ddn: Dung phuong phap quy nap theo n:

1. V6in=1 = Hién nhién ding.

2. Gia str dung véi S| =n -1, can chimg minh ding véi |S|=n

Theo thudt toan [S,|S;|<n-1 (bd ra phan tir tach) va ta phai st dung tiép
thudt toan nay trén S; hodc S; = Vi ding vdi n-1 nén thuat toan CHON trén Sy, S3
la dung = diéu phai chimg minh.
2.3.5 Bai toan TSP — Nguwoi ban hang

e Phat biéu bai todn

C6 mot nguoi ban hang can di giao hang tai n thanh phd. Nguoi giao hang
xudt phat tir mot thanh phd nao d6, di qua cac thanh phd khac dé giao hang va trd
vé thanh phd ban dau. Mdi thanh phd chi dén mot 1an, va khoang cach tir mot thanh
phd dén cac thanh phd khac di duoc biét trude. Hiy tim mot chu trinh (mot dudng
di khép kin thoa man diéu kién trén) sao cho tong mirc hao phi 13 nho nhat.

Vi dy trong hinh (2.4), hanh trinh nguoi giao hang c¢6 muc hao phi nho nhat

la <u, w, v, X, u>, voi muc hao phila 7.

Hinh 2.4 Hanh trinh c6 mirc hao phi nho nhét
Hinh (2.4): Mot b dir liéu vao cua bai todn nguodi ban hang. Céac canh to
dam biéu dién mot hanh trinh c6 murc hao phi nho nhét, véi mirc hao phi 14 7.

Ngon ngtt hinh thirc cho bai todn nguoi ban hang la:
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TSP = {<G, ¢, k>: G=(V, E) 1a mot 46 thi ddy di, C lamot hamtr Vx V —
Z, keZ va G c6 mot hanh trinh nguoi ban hang voi muc hao phi ti da k.

Dinh 1y dudi day ching té mdt thuat toan nhanh cho bai toan ngudi ban hang
at khong ton tai.

e Dinh Iy 1 “Bdi todn nguwoi ban hang la NP day di” [1].

e Chtng minh: Trudc tién ta chung to TSP thude vé NP. Cho mét bo dix liéu
vao cua bai todn, ta dung day n dinh trong hanh trinh lam mot giai phap. Thuat toan
s& xac minh, kiém tra day nay chira mdi dinh chinh xac mét lan, tong cong cac mirc
hao phi canh, va kiém tra xem t6ng c6 phai tdi da 1a k hay khong. Tién trinh nay
chéc chan c6 thé thyc hién trong thoi gian da thirc.

Pé chirng minh TSP 14 NP - kho, ta chimg t6 HAM-CYCLE <, TSP.

Cho G = <V, E> 1a mot bd dit liéu vao ctia ham HAM-CYCLE. Ta thiét ké
mot bd dit liéu vao ctia TSP nhu sau. Ta hinh thanh d6 thi ddy du G = (V, E), trong
d6 E ={(i,): i, j eV}, va ta dinh nghia mirc hao phi ham ¢ bing

0 nOu(i,j) eE
e, 3)= {1 nOu (i, )  E

Nhu vay, bo dir liéu vao cua TSP la (G’, c, 0), dugc hinh thanh dé dang trong
thoi gian da thtec.

Ta ching t6 d6 thi G ¢6 mét chu trinh hamilton néu va chi néu d6 thi G ¢o
mot hanh trinh c6 muc hao phi tdi da 1a 0. Gia st dd thi G c6 mdt chu trinh
hamilton h. M&i canh trong h thudc vé E va nhu viy c6 mirc hao phi 0 trong G .
Nhu vay, h 1a mgt hanh trinh trong G c6 mirc hao phi tdi da 1a 0. Boi cac muc hao
phi ciia cac canh trong E 13 0 va 1, muc hao phi ciia hanh trinh h' chinh xac 13 0. Do
do, h’ chi chira cac canh trong E. Nhu vay h 1a mét chu trinh hamilton trong dd thi
G.

Trong bai todn ngudi ban hang da gidi thidu trén, ta c6 mot do thi vo hudng
day du G = (V, E) c6 mot mirc hao phi sé nguyén khong am c(u, v) két hop v6i mdi

canh (u, v)eE, va ta phai tim mot chu trinh hamilton (mdt hanh trinh) cia G véi
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murc hao phi cuc tiéu. Dé mo rong h¢ ky hi¢u, ta cho c(A) thé hién téng muc hao
phi cta céac canh trong tap hgp con A c E:
)
) (u,v)ef(u,V) '

Trong nhiéu tinh huéng thue tién, di truc tiép tr mot noi u dén mot ndi w
ludn 14 cach ré nhit; viéc di qua mot diém ding trung gian v bat ky khong thé it ton
kém hon. Pat né theo mot cach khac, viée cit giam mot diém dung trung gian
khong bao gio gia ting mirc hao phi ¢ thoa bat dang thirc tam giac néu véi tat ca cac
dinhu, v, w € V, c(u, w) <c(u, v) + c(v, w).

Bét déng thirc tam giac 1a mdt dang ty nhién, va trong nhiéu ung dung no tu
dong duoc thoa. Vi dy, néu céac dinh cta dod thi 1a cac diém trong mat phﬁng va muc
hao phi du hanh giita hai dinh 14 khoang cach euclid binh thuong giita chiing, thi bat
dang thirc tam giac duoc thoa.

Viéc han ché hao phi dé thoa bat dang thic tam giac s& 13 khong lam thay ddi
tinh day du NP cta bai toan ngudi ban hang. Nhu vdy, khong chic ta c6 thé tim ra
mot thuat toan thoi gian da thirc dé giai bai toan ndy mot cach chinh xac. Do d6
thay vi, ta tim céc thuat toan xép xi tot.

Sau day, ta xét hai thuat toan x4p xi cho bai toan ngudi ban hang véi bat
dang thirc tam gidc c6 mot can ty s6 1a 2

Bai toan nguoi ban hang véi APPROX-TSP-TOUR thoa bét dang thirc tam
giac:

Thuat toan sau day tinh toan mdgt hanh trinh gén t6i wu ctia mot do thi vo
huéng G, dung thuit toan ciy téa nhanh cuc tiéu MST-PRIM (4p dung tim cy
khung nho nhét, hoat dong tuong tu Dijkstra) dé tim cac 10 trinh ngén nhét trong dd
thi. Nhung ¢ day, cac canh trong tap hop da tim dugc luon hinh thanh mét cay don

1¢.
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Thuit toan xap xi APPROX-TSP-TOUR:
APPROX-TSP-TOUR(G, c);
1 Lwa chon dinh r € V(G) la mot dinh “géc
2 Tang tuwong mét cdy téa nhanh cuc tiéu T cho G tir goc r
(diing MST-PRIM (G, ¢, 1)) — Thudt todn tim cdy téa nhanh ciee tiéu.
3 Cho L la danh sdch cac dinh dwoc ghé tham trong mét tang cdy
tién cdp cua T.
4 Return chu trinh hamilton H ghé tham cac dinh theo thu ty L.

- Cay khung nho nhat: chira tat ca cac dinh cua do thi c6 tong trong sé cac

canh nho nhét.

- Duyét thtr ty trude: mot nit dugce tham trude khi tham céc nlit con cua nd

- Do phuec tap thuat toan: O(|V[)

¢ D0 phtrc tap thuat toan Prim

Luu y rang mot tang ciy tién cap ghé tham dé quy moi dinh trong cay, liét ké
mot dinh khi gip n6 lan dau tién, trude khi bat ky trong s6 cac con ciia né dugc ghé
tham.

Hinh (2.5) minh hoa phép todn cia APPROX-TSP-TOUR. Phan (a) ctia hinh
néu tap hop cac dinh da cho, va phén (b) néu cay tdéa nhanh cuc tiéu T dugc MST-
PRIM ting trudng tir dinh gdc a. Phan (c) néu cach cac dinh dugc ghé thim boi mot
tang tién cap cua T, va phan (d) hién thi hanh trinh tuong Gng, 1a hanh trinh ma
APPROX-TSP-TOUR tra vé. Phan (e) hién thi mot hanh trinh t6i wu, ngin hon
khoang 23%.

Ol olex
OLOTO- o+
S oS
(n) n)
S SN
(a) Do thi G véi khoang cach gitra cac (b) Cay khung nho nhat, goc 1a a

dinh 14 trong sb ctia canh twong tng.
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(c) Duyét cay T theo thir tu trudc:
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(d) Chu trinh Hamilton, cac dinh cua L:

a,b,c h, de,f, g,a Giai phap xép X1
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(e) Giai phéap tdi uu
Hinh 2.5 Minh hoa thuat toan APPROX-TSP-TOUR
Hinh 2.5: Phép toan cia APPROX-TSP-TOUR. (a) tip hop cac diém da cho

nam trén cac dinh cua mot khung ké 6 s6 nguyén.

Vi dy, f 13 mot don vi vé& bén phai va hai don vi tién 1én tir h. Khoang cach

euclicd binh thuong duoc dung 1am ham hao phi giita hai diém. (b) Mot ciy toa

nhanh cuc tiéu T cla cac diém nay, nhu dugc tinh todn boi MST-PRIM. Dinh a la

dinh gdc. Cac dinh tinh c& duoc gan nhin theo cach ching dwge MST- PRIM bb

sung vao cdy chinh theo thi ty abe. (c) Mot tang cua T, bat dau tai a. Mot tang day

du ghé tham cac dinh theo th ty a, b, ¢, b, h, b, a, d, e, f, e, g, e, d, a. Mot tang tién

cap cua T liét ké mot dinh ngay khi gip no 1an dau tién, cho ra cach sap xép thi tu

a, b, c, h,d, e, f, g. (d) Mot hanh trinh cac dinh c6 dugc bﬁng cach ghé tham cac

dinh theo tht ty cin ct vao ting tién cap. DAy 13 hanh trinh H duoc APPROX-TSP-
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TOUR tra vé. Tong murc hao phi cua nd xap xi 1a 19.074. (e) Mot hanh trinh téi wu
H" cho mét tap hop cac dinh da cho. Téng mirc hao phi ciia nd x4p xi 1a 14.715.

Thoi gian thuc hién cua APPROX-TSP-TOUR la O(E)=O(V2), boi dau vao
1a mot d6 thi day du. Gio day ta chimg to néu ham hao phi danh cho mét bo dit liéu
vao cta bai toan nguoi ban hang thoa bit dang thirc tam giac, thi APPROX-TSP-
TOUR tra vé mot hanh trinh ¢6 mirc hao phi khong nhiéu hon gap hai 1an mirc hao
phi ctia mot hanh trinh t6i uu.

e Dinh 1y 2

“APPROX-TSP-TOUR la mét thudt todn xdp xi c6 mét cdn ty sé la 2 cho bai
todn Nguwoi ban hang véi bat dang thire tam gide” [1].

* Chimg minh: Cho H™ thé hién mot hanh trinh t6i vu cho mét tap hop céac
dinh d3 cho. M6t phat biéu twong duong cua mét dinh 1y d6 1a ¢(H) < 2¢(H), trong
d6 H 1a hanh trinh do APPROX-TSP-TOUR tra vé. Béi ta dugc mot cay toa nhanh
béng cach x6a mot canh bat ky ra khéi mét hanh trinh, néu T 1a mot cay téa nhanh
cuc tiéu cho tap hop cac dinh di cho, thi

¢(T) <c(H) (2.3.5a)

Mot tang day di (full walk) cua T 1iét ké cac dinh khi 1an dau tién ching
dugc ghé thaim va mdi khi chung duoc tra vé sau mot 1an ghé thim mot ciy con. Ta
hay goi ting nay 1a W. Tang day du cta vi du cho thir ty

a,b,cbhbadefeqgeda.

Boi tang day dii bang ngang moi canh cua T chinh xé4c hai 1an, nén ta c6:

c(W) = 2¢(T). (2.3.5b)

Céc phuong trinh (2.3.5a) va (2.3.5b) ham y ring ¢(W) < 2¢(H"), va do d6
mirc hao phi cia W nam trong mét thira s6 cia 2¢ so voi muc hao phi ciia mot hanh
trinh t6i wu.

Nhung thong thuong W khong phai 1a mot hanh trinh, boi n6 ghé tham vai
dinh nhiéu lan. Tuy nhién, theo bit ding thirc tam giac, ta co thé x6a mot lan ghé
tham dén mot dinh bat ky tir W va mirc hao phi khong ting. (Néu mét dinh v dugc

x6a ra khoi W giita cac 1an ghé tham u va w, cach sip xép két qua chi dinh di truc
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tiép tir u to w). Bang cach lién tuc ap dung phép toan nay, ta c6 thé g& bo ra khoi W
tat ca, ngoai trir 1an ghé thim dau tién dén moi dinh. Trong vi du nay, diéu nay dé
lai cach sép xép thir ty: a, b, c, h,d, e, f, g

Cach sip xép nay giéng nhu cach sip xép c6 dugce bang mot ting tién cip
ctia cdy T. Cho H 1a mét chu trinh twong tng voi ting tién cdp ndy. N6 1a mot chu
trinh hamilton, bdi moi dinh dugc ghé thdm chinh x4c mot 1an, va thyc té né 14 chu
trinh d4 tinh toan bi APPROX-TSP-TOUR. Bédi H ¢6 dugc bang cach xoa cac dinh
ra khoi tang day du W, ta co

c(H) <c(W). (2.3.5¢)

T hop cac bat ding thirc (2.3.5b) va (2.3.5¢) s& hoan tat phan chimg minh.
Bat ké can ty s6 té nhi ma dinh 1y trén da cung cap, APPROX-TSP-TOUR thudng
khong phai 14 Iya chon thuc té tot nhat cho bai todn nay. C6 cac thuat toan xap xi
khac thuong thuc hién it hon nhiéu trong thuc té.

* Chii y: Néu bo gia thiét ham hao phi ¢ thoa bat dang thic tam gidc, ta
khong thé tim thay cac hanh trinh x4p xi tot trong thoi gian da thirc, trir khi P = NP.

- Xét: “Néu P # NP va P > 1, Khong c6 thuat toan xap xi thoi gian da thirc co
can ty sb P cho bai toan Nguoi ban hang néu bo qua gia thiét ham hao phi ¢ thoa bat
dang thirc tam giac”.

* Ching minh: Vi sy mau thuin, gia sir rang voi mot s6 p > 1, ta c6 mot
thuat toan x4p xi thoi gian da thirc A v6i can ty s6 p. Khong mit tinh tong quat, ta
mic nhan p 1a mot s6 nguyén, bang cach lam tron 1én néu can. Nhu vay, ta s& néu
cach sir dung A dé giai cac bo dir liéu vao cua bai toan Chu trinh hamilton (theo
dinh 1y “Bai todn ngueoi ban hang la NP ddy di”) trong thoi gian da thirc. Boi bai
toan Chu trinh hamilton 1 NP day du (theo dinh 1y “Bai todn Chu trinh hamilton la
NP ddy &™), nén viéc giai no trong thoi gian da thirc ham y rang P = NP, theo dinh
1y “Néu mét bai toan NP ddy du bdt ky la gidi dwoc theo thoi gian da thire, thi P =
NP. Néu mét bdi todn trong NP bat ky khéng gidi dwgc theo 1o gidi da thire, thi tat

cd cdc bai todan NP day dii déu khéng gidi dieoe theo 161 gidi da thirc”.
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Bai toan Nguoi ban hang véi HEURISTIC-TSP-TOUR (heuristic diém sat
nhit) thoa bat dang thirc tam giac:

Gia st bai toan Nguoi ban hang c6 hao phi ¢ thoa man bat ding thic tam
giac.

Xét thuat toan “tham xap xi” heuristic diém sdt nhdt c6 tén 13 HEURISTIC-
TSP-TOUR d¢ xay dung mot hanh trinh ngudi ban hang xap xi. Bit dau bang mot
chu trinh tim thuong bao gém mot dinh don 1¢ dugc chon iy y. Tai mdi budce, dinh
danh dinh u khong nam trén chu trinh nhung c6 khoang cach dén mot dinh bat ky
trén chu trinh 13 cyc tiéu. Gia sir rang dinh trén chu trinh 12 u gan nhét chinh 1a dinh
v. DPén khi tat ca cac dinh déu nam trén chu trinh. Khi d6 ham heuristic nay tra vé
mot hanh trinh ¢6 tong mirc hao phi khong nhiéu hon gip 2 1an so v6i mirc hao phi
cia mot hanh trinh t6i wu (can ty sd 2). Ban chat cia thut toan 1a phuong phap
“tham lam suy nghiém”.

HEURISTIC-TSP-TOUR heuristic diém st nhat thuc hién cac bude nhu sau:

HEURISTIC-TSP-TOUR(G)

1. Lwa mét dinh v e V(G) la mét dinh “goc”

2. Tang treong trén G tir goc r, theo nguyén tac diém sdt nhdt (canh ¢ hao
phi thdp nhat dwoc bé sung)

3. Cho L la danh sdch cac dinh dwoc ghé tham lan luot trén G.

4. Return chu trinh Hamilton H ghé tham cac dinh theo thu ty trong L.

Thoi gian thyc hién cia HEURISTIC-TSP-TOUR la O(V?), béi dau vao 1a
mot do thi day du. Ciing nhu thuat toan APPROX-TSP-TOUR, néu ham hao phi
danh cho mdt bo di liéu vao cia bai todn ngudi ban hang théa bat dang thirc tam
gidc, thi HEURISTIC-TSP-TOUR tra vé mot hanh trinh ¢ mirc hao phi khong
nhiéu hon gap hai 1an murc hao phi ctia mot hanh trinh t6i wu.

- Nhan xét: “HEURISTIC-TSP-TOUR la mét thuat toan xép xi c6 mot can ty
s6 14 2 cho bai toan ngudi ban hang véi bat dang thirc tam giac”;

- Thii tuc thé hién thuat toan HEURISTIC-TSP-TOUR:

Gia sw bai toan TSP co n dinh.
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Program HEURISTIC-TSP-TOUR(G);
Var i, j, n, vt, min: Integer;
A : array [1..n,1..n] of integer; {lweu dé dai dwong di ciia do thi G}
C : array [1..n,1..n] of boolean; /@inh diu cic doan dwong da di qua)
U : set of integer; {Tdp chita cdc dinh ciia do thi}
L : danh sach chita cac canh theo thir ty trong hanh trinh,
Dem: Integer; {theo déi hanh trinh, néu di dwoc n dinh roi thi tré vé dinh xudt phat}.
Begin
u:=1IJ; L — O,
fori:=1tondou:=u+[il; {uchita tdp cic dinh cia do thi G}
I :=1; dem:=0;
While dem < n do
begin
u:=u-[i]; {dang xét dinh i} min := maxlongint;
for j:=1tondo if jin u then
if (a[i,j] < min) and (i<>j) then {idy canh ngdin nhat néi véi dinh chiea xét}
begin
vt :=|; {xdc dinh vi tri cua dinh vt dwoc chon}
min := a[i,j];
end;
L« 1+ a(i, vt); {b6 sung canh (i, vt) vao danh séch céc dinh di chon}
c[i, vt] := true {danh diu nhitng canh da di qua)
c[vt, i] :=true;
i :=vt; dem:=dem+1;
end;
End;
Thoi gian thue hién cuia HEURISTIC-TSP-TOUR la O(E) = O(V?), trong
thoi gian da thic. Thuat toan HEURISTIC-TSP-TOUR tra vé mot hanh trinh ¢

mirc hao phi khong nhiéu hon gip hai 1an mirc hao phi ctia mot hanh trinh téi vu.
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2.4 Mot sb thuét toan trén do thi
2.4.1 Khai niém co ban

Po thi 12 mo hinh biéu dién mot tap d6i tuong va mdi quan hé hai ngoi gitta

cap ddi tuong @6 [2], [8], [9]11.
G=(V,E)

C6 thé dinh nghia d6 thi 1a mot cap (V, E): G = (V, E). Trong d6 V 1a tap céc
dinh biéu dién cac dbi twong va E 1a tdp cac canh biéu dién méi quan hé giita cac
dbi tuong.

Vi dy: so d6 giao thong gita cac thanh phd 13 mot do thi, véi tap cac dinh V
1a tap cac thanh phd, tip canh E 1a tip cac con duong tryc tiép ndi hai thanh phd
thuoc V.

Mot s6 hinh anh cta d6 thi:

£
)
S

\ //‘\7

D6 thi vo hudng D6 thi c6 hudng

Hinh 2.6 Mot s hinh anh cta do thi ¢6 huéng — v6 hudng

2.4.2 Phan loai d6 thi

Co thé phan loai db thi theo dic tinh va sb lugng cua tap cac canh E:

Cho d6 thi G = (V, E). Dinh nghia mét cach hinh thirc

- G duoc goi 1a don dd thi néu giita hai dinh u, v cia V c6 nhiu nhit 13 1
canh trong E ni tir u t&i v.

- G duoc goi 1a da d6 thi néu giita hai dinh u, v cia V ¢6 thé ¢6 nhiéu hon 1
canh trong E ni tir u t&i v.

- G duogc goi 1a @6 thi vé hwéng (undirected graph) néu cac canh trong E 1a
khong dinh hudng, tirc 14 canh ndi hai dinh u, v bat ky ciing 1a canh ndi hai dinh v,

u. Hay néi cach khac, tap E gdm cac cip (u, v) khong tinh thir tu (u, v) =(v, u).
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- G duoc goi 1a dd thi ¢6 hwéng (directed graph) néu cac canh trong E 13 ¢6
dinh hudng, co thé c6 canh ndi tir dinh u téi dinh v nhung chua chic da cé canh nbi
tir dinh v toi dinh u. Hay néi cach khac, tip E gém cac cip (u, v) c6 tinh thu ty:
(u, v) # (v, u). Trong d6 thi c6 hudng, cac canh duoc goi la cac cung. D6 thi vo
hudng ciing c¢6 thé coi 1a d6 thi c6 huéng néu nhu ta coi canh nbi hai dinh u, v bat

ky tuong duong véi hai cung (u, v) va (v, u).

Vi du:
Vo hu’éng Co hgc’wng Vo huQng Co @uc’mg

~ ~;
Don 3o thi DPa do thi
Hinh 2.7 Pon d6 thi, da do thi
2.4.3 Mot s6 khai niém

Cac phén tur thudc tap V goi 1a dinh cta dd thi.

Cho hai dinh u, v thudc V, néu canh e = (u, v) € E 1a cap thi tu thi e duoc goi
la mot cung cua dd thi, hodc néu e la cap khong sép Xép thir ty thi e dugc goi 1a mot
canh cua db thi.

Khi e = (u,v) 1a mot cung thi u la dinh dau cta cung, v 1a dinh cudi cia e

Khi e = (u,v) la canh thi u va v goi 1a hai dinh ké cta canh e hodc hai dinh
lién thudc e

Hai dinh u va v (u # v) ctia d6 thi duoc goi 1a hai dinh ké nhau néu chung la
hai dau ctia mot canh hay mot cung.

Hai canh a va b goi 1a hai canh ké nhau (hoic hai cung ké nhau) néu chung
c6 chung mot dinh.

Vé6i mot dinh v trong d6 thi, ta dinh nghia bac (degree) cta v, ky hiéu deg(v)
1a sb canh lién thudc véi v. Dé théy réng trén don do thi thi s6 canh lién thudc véi v

cling 1a so dinh ké véi v.
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Pinh 1y 3: Gia st G = (V, E) 14 d6 thi v6 hudng v6i m canh, khi d6 tong tat
ca cac bac dinh trong V s& bang 2m.

Chitng minh: Khi 1y tong tit ca cac bac dinh tirc 1a mdi canh e = (u, v) bat
ky s& duoc tinh mot 1an trong deg(u) va mot 1an trong deg(v). Tir d6 suy ra két qua.

Heé qua: Trong db thi vo hudng, s6 dinh béc 1¢ 1a s6 chin

Dbi véi dd thi co huong G = (V, E). Xét mot cung ecE, néu e = (u, v) thi ta
n6i u ndi téi v va v ndi téi u, cung e la di ra khéi dinh u va di vao dinh v. Dinh u
khi d6 dugc goi la dinh dau, dinh v duogc goi la dinh cudi cla cung e.

Vé6i mdi dinh v trong dd thi ¢ hudng, ta dinh nghia: Ban bic ra cua v ky
hiéu deg”(v) 1a s6 cung di ra khoi nd; ban béc vao ky hiéu deg’(v) 14 s6 cung di vao
dinh do.

Khuyén 1a canh (hoic cung) ¢ 2 dinh dau tring nhau.

Pinh treo la dinh thudc duy nhat mot canh hoic cung.

Pinh co 1ap 1a dinh khong thudc canh hoac cung nao.

2.4.4 Biéu dién d6 thi trén may tinh

Ma tran ké (Adjacency Matrix)

Gia sit G = (V, E) 1a mot don dd thi ¢6 sé dinh (ky hiéu | V| ) 1a n, khong
mét tinh téng quat co thé coi cac dinh duoc danh sd 1, 2, 3, ..., n. Khi d6 ta c6 thé
biéu dién d6 thi bang mot ma trin vudng A=[a[i, j]] cip n. trong d6

e a[i,j]=1néu(i,j) eE
e a[i,j]=0néu(i,j) ¢E

Véi Vi, gié tri ciia ai, j] c6 thé dat tiy y theo muc dich, thong thuong nén
dat bﬁng 0; Ddi v4i da dd thi thi viec biéu dién cung tuong tu trén, chi cé diéu néu
nhu (i, j) 1 canh thi khong phai ghi s6 1 vao vi tri a[i, j] ma ghi s6 canh nbi giita

dinh 1 va dinh j.
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Vi du biéu dién d0 thi trén mdy tinh:

(1) 00110 (V) 00110

/\ 00011 1 00011
e’.'e A=| 10001 e’.'e A=| 10001
" 11000 ' 11000
() () 01100 oo 01100

Hinh 2.8 Biéu dién d0 thi trén may tinh
2.4.5 Mt s6 thuat toan chon loc trén mé hinh d@b thi [8], [9]
2.4.5.1 Thudt todn tim cdy khung nhé nhdt
- Phét bicu bai toén:
Pinh nghia: Cho d6 thi G v6 huéng, lién thong va co trong sd khong am.
Cay khung nho nhat cta d6 thi G 1a cdy khung c6 téng trong sb trén cic canh cua
n6 nho nhét (goi 1a trong sb cta cay khung nho nhét).
a- Thuat toan Kruskal
Y twong: Nap dan cac canh nho nhéat vao cdy khung néu canh ay khong tao
thanh chu trinh véi cac canh da nap.
Thuat toan:
Buée 1: Sap xép cac canh ting dan
Bude 2: Lan luot két nap cac canh cé trong s6 nho nhat trong cac canh con
lai vao cay néu sau khi két nap canh nay khong tao thanh chu trinh trong cay. Qua
trinh nay dimg khi két nap duoc n-1 canh vao cay.
Procedure  Kruskal(G: do thi n dinh, lién thong cé trong sé);
Begin
T:=Z
foriz=1ton-1do

begin
e := mot canh bat ky ciia G véi trong s6 nhé nhdt va khi ghép

vao T khong tao ra chu trinh trong T;
T:=Tu{e};
end;
End; {T la cdy khung nhé nhdt)
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b- Thugt toan Prim

Y twong: Nap dan tp cac dinh vao cay khung. Mbi 1an chon mét dinh chua
nap 1a dinh ké va gan cac dinh da nap nhat.

Thuat toan

Buée 1: Nap mét dinh dau tién vao cay khung (thuong 1a dinh 1)

Buwéc 2: Lan luot nap n-1 dinh con lai (twong Gmg véi n-1 canh) vao cay
khung bﬁng cach: mdi 1an chon mdt canh ¢6 trong s6 nho nhat ma mot dau ctia canh
da thudc cay, dau kia chua thudc cay (nghia la chon mot dinh gén cac dinh da nap
nhat).

Procedure Prim;

Begin
T := min (dfu, v]); {canh ¢ trong sé nhé nhat}
fori:=1ton-2do
begin
e := canh co trong s6 t0i thiéu lién thudc véi mot dinh trong T va
khi ghép no vao T khong tao ra chu trinh trong T.
T:=T u{e};
end;

End; {7 la cdy khung nhé nhat trong G}
2.4.5.2 Chu trinh Euler

a. Dinh nghia

Puong di qua tat ca cic canh/cung, mdi canh/cung qua dung mét 1an goi la
duong di Euler. Puong di Euler c6 diém dau va diém cudi tring nhau goi 1a chu
trinh Euler.

D6 thi c6 duwong di Euler goi 1a d6 thi nira Euler.

D6 thi ¢ chu trinh Euler goi 1a do thi Euler.

b. Pinh 1y 4

Db thi vo hudng, lién thong 1a Euler khi va chi khi moi dinh déu c6 bac chén.

Do thi vo hudng, lién thong 1a nira Euler khi va chi khi c6 ding hai dinh bac 1é.
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Do thi ¢6 hudng, lién thong yéu va moi dinh c6 ban bac ra b@ing ban bac vao
thi c6 chu trinh Euler.

Db thi c6 hudng, lién thong yéu néu ton tai hai dinh U va V thoa mén: ban
bac vao ctia U it hon ban béc ra ciia U mot don vi, ban bac vao cia V nhiéu hon ban
bac ra cua V mot don vi, moi dinh khac nhau c6 ban bac ra béng ban bac vao, thi co
duong di Euler tir U t61 V.

c. Thudt toan Fleury

Y tuong: Lan luot chon cac canh lién tiép nhau, chi chon canh 1a cau khi
khong con cach chon canh khong 1a cau. Néu canh nao duoc chon thi ghi nhan vao
két qua rdi x6a canh do trén do thi.

% Thuét toan tim chu trinh Euler (d6 thi vé huéng, lién thong)

Buéc 1: Tinh s6 dinh bac 16. Néu s dinh bac 1é >0 thi két luan khong ¢ chu
trinh, sau d6 thoat. Néu sb dinh béc 1¢ bang 0 thi két luan c6 chu trinh.

Buée 2: Nap dinh 1 vao Stack, thuc hién vong lip trong khi Stack chua rong:

e Lay dinh X & Stack.
e Néu con dinh J ké vé6i X thi cho J vao Stack, x6a canh X, ), néu
khong con dinh J ké véi X thi ghi nhan X vao mang két qua.

Buée 3: Hién mang két qua.

% Thuit toan tim dwong di Euler (d6 thi vé hwdng, lién thong)

Buée I: Tinh s6 dinh bac 1¢. Néu s6 dinh bac 1¢ 16n hon 2 thi két luan khong
c6 duong di, sau do thoat. Néu sb dinh bac 1é bﬁng 2 thi két luan ¢ duong di Euler
va sang budc 2.

Burée 2: Tao thém dinh méi 1a N+1, ndi thém canh tir hai dinh bac 1é t6i dinh
m&i ndy, rdi tim chu trinh Euler xuét phat tir dinh méi nay.

Buoc 3: Hién duong di Euler, 1a dudng di sinh ra tir chu trinh vira tim dugc

bang cach loai di canh dau va canh cu6i cung cua chu trinh nay.
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2.4.5.3 Chu trinh Hamilton

a- Phdr biéu bai todn

Khai niém chu trinh Hamilton: Cho db thi G = (V, E) ¢6 n dinh

Chu trinh (X1, X, ..., Xn) dugc goi la chu trinh Hamilton néu xj = Xj VoI
1<i<j<n

Duong di (Xi, X,, ..., Xn) duoc goi la dudng di Hamilton néu xj = Xj V6i
1<i<j<n

C6 thé phat biéu mot cach hinh thac: Chu trinh Hamilton Ia chu trinh xuat
phdt zr 1 dinh, di tham tat cd nhiing dinh con lai méi dinh ding 1 1dn, cugi cing
quay tré lai dinh xudt phdt. Pwong di Hamilton la dwong di qua tdt ca cdc dinh
cua do thi, méi dinh diing 1 lan.

Bai toan tim chu trinh Hamilton: Cho do thi G = (V, E) co6 n dinh, m canh.

Yéu cau: Hay chi ra mot chu trinh Hamilton cua d6 thi da cho.

Pé tim chu trinh Hamilton, ta quan tim dén cac dinh 1y sau:

Pinh ly 5: B6 thi v hudng G, trong d6 ton tai k dinh sao cho néu xéa di k
dinh nay cung véi nhitng canh lién thudc cua chung thi dd thi nhan dugc s& c6
nhiéu hon k thanh phan lién thong. Thi khiang dinh 1a G khong c6 chu trinh
Hamilton. Ménh dé phan dao cua dinh Iy nay cho ta diéu kién can dé mot dd thi co
chu trinh Hamilton

Pinh Iy 6: (Pinh ly Dirac (1952)): D6 thi vo6 huéng G c¢6 N dinh (N>3).
Khi ¢6 néu moi dinh v ctia G déu cé deg(v) > N/2 thi G c6 chu trinh Hamilton.
Day la mot diéu kién du dé mot do thi co chu trinh Hamilton.

Pinh ly 7: B6 thi ¢6 hudéng G lién thong manh va c6 n dinh. Néu deg’(v) >
g va deg (v) > g v61 moi dinh v thi G ¢6 chu trinh Hamilton.

b- Thudt toan tim chu trinh Hamilton
Dudi day ta s& cai dat mot chuong trinh ligt ké tat ca cac chu trinh
Hamilton xuit phat tir dinh 1, cac chu trinh Hamilton khac cé thé c6 duoc bang

cach hoan vi vong quanh. Luu ¥ rang cho téi nay, nguoi ta van chwa tim ra mot
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phuong phap nao thuc su hiéu qua hon phuong phap quay lui dé tim du chi mot
chu trinh Hamilton ciing nhu dwong di Hamilton trong trudng hop d6 thi téng
quat.
Buoc 1: Khoi tao: free[u] = true véi u thude G
Buéce 2: Visit(i): Tham dinh & budc thi i
2.1 u = dinh vira tham xong
Xét cac dinh v ké u va free[v] = true
2.2 Ghi nhan dinh ¢ budc thir i
2.3 Néu (i = n) va (u ké vé6i 1) dén Budce 3
2.4 Panh dau tham v va Vitsit(i+1);
Buée 3: Truy vét tim duong di (néu co).
2.4.5.4 Thudt todn tim dwong di ngdn nhdt
- Phat biéu bai toan
Cho db thi G = <X, E> ¢4 trong s6 khong am. S 1a dinh xuat phat, T 1a dinh két
thac. Hay xac dinh dudng di tir S dén T sao cho tong do dai dudng di 1a nho nhat.
Day 1a mot bai toan rat quan trong trong cong nghé thong tin.
Dudi day, luan van gigi thiéu hai thuat toan giai bai toan nay la thuat
toan Ford — Bellman va thuat toan Dijkstra.
a- Thudt toan Ford - Bellman
Thuat toan Ford-Bellman c6 thé phat biéu:
Véi dinh xuat phat S. Goi d(Vv) 1a khoang cach tir S t&i v.
Ban dau d(S) dugc khoi gan bang 0 con cac d(v) véi v = S duoc khai gan
bang +oo.
Sau d6 ta t6i uu hoa dan cac d(v) nhu sau: Xét moi cip dinh u, v cua do
thi, néu c6 mét cap dinh u, v ma d(v) > d(u) + c(u, v) thi ta dat lai d(v) := d(u) +
c(u, V). Tuc 1a néu @6 dai duong di tir S t6i v lai 16n hon tong d6 dai duong di tir S
tai u cong véi chi phi di tr u toi v thi ta s€ huy bo duong di tir S téi v dang ¢o6 va
coi duong di tir S t&i v chinh la duong di tir S t6i u sau d6 di tiép tir u t6i v. Cha y

rang ta dat c[u, v] = +oo néu (u, v) khong la cung. Thuat toan s& két thuc khi khong
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thé ti wu thém bat ky mot nhan d[v] nao nira.

Tinh dirng caa thudt toan:

Tai budc lap 0: Budc khoi tao d(S) = 0; d(v) := +oo vai v = S: thi day d(v)
chinh 1a d6 dai duong di ngan nhit tir S téi v di qua khéng qué 0 canh

Gia st tai buéc lap tht i, d(v) biang d6 dai duong di ngin nhat tir S téi v
qua khéng qua i canh, thi do tinh chat: duong di tir S téi v qua khong qua i + 1
canh s& phai thanh lap bang cach: lay mot duong di tir S téi mot dinh u nao d6 qua
khong qué i canh, rdi di tiép toi v bang cung (u, v). Nén do dai dudng di ngin nhat
tir S toi v qua khong qua i + 1 canh s& duoc tinh bang gia tri nho nhat trong cac gia
tri: (Nguyén ly t6i vu Bellman)

Do dai duong di ngan nhat tir S tdi v qua khong qua i canh

Do dai dudng di ngin nhat tir S téi u qua khong qué i canh cong vai trong sb
canh (u, v) (Vu)

Nén sau budc lap tdi wu cac d(v) bang cong thuc d(V)buge i+l =
min(d(V)buée i, d(U)bude i+ c(u, Vv)) thi cac d(v) s& bang do dai dudng di ngin nhat
tu S toi v qua khong qua i + 1 canh.

Sau budéc lap t6i wu thir n - 1, ta c6 d(v) = d6 dai duong di ngan nhat tr S
t6i v qua khong qua n - 1 canh. Vi d6 thi khong co chu trinh 4m nén s& c6 mot
duong di ngan nhat tir S t6i v 1a duong di co ban (qua khong qua n-1 canh). Tac
la d(v) s& la do dai duong di ngin nhat tir S t6i v.

Vay s6 budc lap toi vu hoa s& khong qua n-1 budc.

Ta ¢ thuat toan Ford — Bellman

Procedure Ford_Bellman;

Begin
for (W €V) dod[v] := +o0;
d[s] :=0;
ke_truoc[v] := null;
While not (stop) do
begin
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for (VU €V) do
for (W €V: (u,v) € E) do
if d[v] > d[u] + c [u, v] then
begin
d[v] :=d[u] + c[u, v];
ke_truoc[v] :=u;
end;
end,
End;
b.Thudt toan Dijkstra
Thuat toan Dijkstra (E.Dijkstra - 1959) c¢6 thé mé ta nhu sau:
Buoc 1: Khoi tao
Véi dinh v € V, goi nhan d[Vv] 1a d6 dai duong di ngan nhit tir s téi v. Ta sé
tinh cac d[v]. Ban dau d[v] duoc khai gan bang w[s, v]. Nhan ciia mdi dinh co
hai trang thai tu do hay ¢ dinh, nhan tur do cé nghia la c6 thé con ti wu hon dugc
nita va nhan c¢é dinh tic l1a d[v] da bang do dai duong di ngan nhét tir s téi v nén
khong thé ti wu thém. Bé lam diéu nay ta co thé st dung k¥ thuat danh dau:
Free[v] = TRUE hay FALSE tuy theo d[Vv] tu do hay cé dinh. Ban dau cac nhan
déu tu do.

Buoc 2: Lap

C6 dinh nhan: Chon trong cac dinh c6 nhén ty do, Iy ra dinh u la dinh ¢
d[u] nho nhét, va ¢ dinh nhan dinh u.

Stra nhan: Dung dinh u, xét tat ca nhiing dinh v va sua lai cac d[v] theo
cong thac: d[v] := min(d[v], d[u] + c[u, V])

Budc lap s& két thuc khi ma dinh dich t duwoc ¢d dinh nhin (tim duoc
duong di ngan nhat tir s dén t); hoic tai thao tac cd dinh nhan, tit ca cac dinh tu
do déu co nhan la +oo (khong ton tai dudng di).

C6 thé dit cau hoi, & thao tac 1, tai sao dinh u nhu vay dugc ¢b dinh nhan,

gia st d[u] con cé thé téi wu thém duoc nira thi tat phai c6 mot dinh t mang nhan ty
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do sao cho d[u] > d[t] + c[t, u]. Do trong sé c[t, u] khong am nén d[u] > d[t], trai
vé6i cach chon d[u] 1a nho nhat. T4t nhién trong lan l3p dau tién thi S 1a dinh duoc
¢6 dinh nhan do d[s] = 0.

Budc 3: Két hop véi viéc lwu vét duong di trén ting budc stra nhén, thong
bao duong di ngin nhit tim duwoc hoic cho biét khong ton tai duong di
(d[t] = +o0). Thuat toan Dijkstra gia ma nhu sau:

Procedure Dijkstra;

Begin
for (Vv e V) dod[v] := +o;
d[s] :=0;
S =
Whilet # S do
begin
u:=(e(u, v) £S)and mind(d[u]);
S:=S u{u};
for (Vv £S)do
if d[v] > d[u] + c[u, v] then
d[v] :=d[u] + c[u, v];
end;

End; {d[t] = dé dai dwong di ngdn nhdt tiv s dén t}
2.4.5.5 Thugt todn té mau do thi

a. Dinh nghia

T6 mau mot don d6 thi 1a viéc gan mau cho cac dinh cua né sao cho hai dinh
lién ké ¢6 s6 mau khac nhau.

b. Tw twong cua thudt toan

Pau tién ta xét cac dinh theo thtr ty va gan cho mdi dinh mot méau riéng

theo nguyén tic: Cac dinh khong ké véi dinh dang xét (khong co canh ndi
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truc tiép) thi dugc t6 cung mot mau, ciAm t6 mau d6 cho cac dinh c6 canh ké
voi dinh dang xét. Thuat toan 13p lai cho dén khi tat ca cac dinh dugc t6 mau.
Thudt todn greedy - Tim gan diing s6 mau it nhat
e Céc dinh chua danh dau
e Tinh bac cac dinh
e Thuyc hién vong lap
- T6 mau c6 dinh cao nhit bang mau nhé nhat chua dung va khong mau
thuan voi quy tac néu trén.
- Giam bac cua cac dinh ké dinh nay.
Qua trinh ldp cho dén khi cac dinh déu da duoc t6 mau.
c. Thuat toan té6 mau

- Input: Cho don d6 thi G = (V, E). véi tp dinh V={vy,..,V,} va tip cac

dinh ké A\/j .

- Output: d6 thi G = (V, E) c6 cac dinh di duoc gan mau.

Mo ta thudt todan to mau:

Buéc 1: Lap danh sach cac dinh coa do thi E"'=[V1, Vy, ...,vi] duoc sip xép
theo thir tu bac giam dan: d(v,)>d(v2)> ... d(vy)

batli1:=1;

Buéc 2: To mau i cho dinh dau tién trong danh sach. Duyét lan luot cac dinh
tiép theo va t6 mau i cho dinh khong ké dinh da dugc t6 mau i.

Buée 3: Néu tat ca cac dinh di dugc to6 mau thi két thiic, dd thi duoc t6 bang
i mau. Nguoc lai, chuyén sang budc 4;

Bude 4: Loai khoi E cac dinh d3 t6 mau. Sép xép lai cac dinh trong E theo
thir tir bac giam dén.

Dati:=1+1 va quay lai budc 2.
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Thi tuc mo ta thuit toan to6 mau
Begin
1. Sort(v) with deg(v) descending
2. Setc(v)=0voi vj=1.n
3. Setc(vy)=1
4. Fori=2tondo
5. Set c(v)= Minf{kezk>0 va cw=k véi YUEA, }// T6 mau
k>0 cho dinh vj khéc véi dinh ké ciia né
6. Lap lai dén khi t6 mau xong
End;

KET LUAN CHUONG 2

Trong chuong 2, luan van da trinh bay mot sb thuat toan chon loc trong tin
hoc tim nghiém céc bai toan t6i wu trong thuc té, phan tich do phic tap cling nhu
mo phong so @6 khdi thuc hién cac thuat toan nay. Pay chinh 1a nhiing thuat toan
thuong duge st dung dé giang day cho cac doi tuyén chuyén tin hoc tai cac trudng
phd thong hién nay. Nhirng thuat toan nay sé& lam co s dé thiét ké cac chuwong trinh

tim nghiém t61 vu ctia cac bai toan trong chuong 3 cua luan van.

S6 hod boi Trung tam Hoc liéu — DHTN  http://www.lrc.tnu.edu.vn



57

Chuong 3
MOT SO UNG DUNG THUC TE

3.1 Bai toan gia cong (trinh tu gia cong ngan nhat)

(Pé thi chon hoc sinh gidi mén tin hoc Thanh phé Héai Phong nam 2009)

a. Mo ta bai toan

Trong mdt phan xudng san xuat phu ting xe gin may co trang bi 2 may A va
B dung dé san xuat biét ring dé san xuat 1 phy ting, n6 can dugc gia cong lan luot
trén may A roi dén may B.

Yéu cau: Biét thoi gian gia cong cia mdi phu tung trén may A va may B, cho
biét trinh ti gia céng cac phu tung sao cho thoi gian gia cong 1 ngan nhat.

Dt liéu: Vao tu file GIACONG.INP

- Dong dau ghi s6 N - s6 lwong phu tung can gia cong. (1 <N < 20)

- Dong thir 2 - ghi cac s6 A[i] (1= 1, 2, .., N) 1a thoi gian gia cong phu ting
thir 1 trén may A.

- Dong thir 3 - ghi cac s6 B[i] (i=1, 2, .., N) 1a thoi gian gia cong phu ting
thir 1 trén may B.

Két qua: Ghi ra file GIACONG.OUT day chi s cac phuy ting theo trinh tur
gia cong c6 thoi gian ngin nht.

Vi du:

GIACONG.INP | GIACONG.OUT
4 1423

1534
2325
5 12345
67854
98321

b. Giai thuat

- Ta luu trir thoi gian thyc hién N (0<=N<=20) san pham trén may A va B
vao mang A (May A: A[1]; May B: A[2]).

- V6i san pham thir i ta xét do chénh léch giira thoi gian gia cong san pham

nay trén may A va thoi gian gia cong san pham trude do6 trén may B.
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- Luu tong chéch léch vao bién CL va xac dinh gia tri nho nhat bang bién
Min.

- Két qua dugc dua vao mang Result va in ra khi dé qui két thuc.

Thuat toan dwoc md ta chi tiét trong phu luc 1 (Tén chwong trinh
Gia_Cong.Pas)
3.2 Bai toan xép viée [5]

(Dé thi Olympic 30/4/2003 Tinh Thira Thién Hué)

a/. Mo ta bai toan

Co6 N cong vige can thuc hién trén mot may tinh, mdi viéc doi hoi dang 1 gio
may. Voi mdi viée ta biét thoi han phai ndp két qua thuc hién sau khi hoan thanh
viéc d6 va tién thuong thu duge néu ndp két qua trudc hoic ding thoi diém quy
dinh. Chi c6 mot may tinh trong tay, hay lap lich thuc hién du N cong viéc trén may
tinh sao cho tong s tién thuong thu dugc 1a 16n nhét va thoi gian hoat dong cua
may 1a nho nhat.

Gia thiét rang may duoc khoi dong vao dau ca, thoi diém t=0 va chi tat may
sau khi da hoan thanh da N cong viéc.

- Dir liéu vao: tép van ban viec.inp

+ N dong tiép theo: Mdi viéc dugc mé ta bang hai sb tu nhién, sb thir nhat 1a
thoi han giao ndp, sd thr hai 14 tién thuong. Céc s6 cach nhau boi dau cach.

Vi du trén t&p viec.inp s€ co:

viec.inp | Y nghia: Cho biét c¢6 4 viéc vdi cac thong tin sau:

4 Viéc thir nhat phai nop khéng mudn hon thoi diém 1 (gio) véi tién
115 thuong 15 (ngan dong);
310 Viéc thir hai phai ndp khong mudn hon thoi diém 3 (gid) véi tién

5100 thuong 10 (ngan dong);
127 Viéc thir ba phai nop khong mudn hon thoi diém 5 (gio) voi tién
thuong 100 (ngan dong);

Viéc thtr tu phai ndp khong mudn hon thoi diém 1 (gio) véi tién

thudng 27 (ngan dong).
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- Dit liéu ra: t€p van ban viec.out:

+ N dong dau tién, dong thr t ghi mot sé tu nhién i cho biét viée thir i duoc
lam trong gio t.

+ Dong cudi cung ghi tong so tién thu duge.

Vi du trén t&p viec.out s€ co:

viec.out Y nghia:

4 Gi10 thtr 1 thyc hién viéc 4 va ndp dang han nén dugc thuong 27;

2 Gi10 thtr 2 thyc hién viéc 2 va ndp trudc han nén dugc thudng 10;

3 Gi10 tht 3 thuc hién viéc 3 va ndp trudc han nén dugc thudng
1 100;

137 G106 thr 4 thuc hién viéc 1;

Téng tién thudng thu dugc do da hoan thanh dung han ba viéc 4,
2va3l
la27+ 10+ 100 = 137.

bl. Giai thuat

Ta uu tién cho nhiing viéc c6 tién thudng cao, do d6 ta sap cac viéc giam dan
theo tién thuong. Véi mdi viée k ta da biét thoi han giao ndp viée d6 1a h = t[k]. Ta
xét truc thoi gian b. Néu gi0 h trén truc d6 da ban do viéc khac thi ta tim tu thoi
diém h tr& vé trude mot thoi diém co thé thue hién duoc viée k do. Néu tim duoc
mot thdi diém m nhu vay, ta danh dau béng ma sb cua viée d6 trén truc thoi gian b,
b[m]:= k. Sau khi xép viéc xong, co thé trén truc thoi gian con nhimng thoi diém r6i,
ta don cac viéc da xép vé phia truéc nham thu dugc mét lich 1am viée, tirc 1a khong
c6 gio tréng. Cudi cung ta xép tiép nhiing viéc trude d6 da xét nhung khong xép
dugc. Day 1a nhiing viéc phai lam nhung khong thé ndp diing han nén s& khong c6
tién thudng.

Thuat toan dwgc mod ta chi tiét trong phu luc 1 (Tén chuong trinh

Xep_Viec.Pas)
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3.3 Bai toan duwong di ngin nhit
(Dé thi Olympic tin hoc tré Thanh pho Hai Phong nam 2012)
a. Mo ta bai toan
C6 N thanh phd. Biét rang dudng di giita 2 thanh phd bat ky (néu c6) déu 1a
duong di hai chiéu. So d6 mang luéi giao thong ciia N thanh phd ndy cho béi ma
tran trong s6 ddi xting A[i,j], trong dé:
+ A[i,j] 12 do dai dudng di tir thanh phd i dén thanh phd j.
+ A[ij] = 0 néu khong c6 dudng di tir thanh phd i dén thanh phd j.
+ A[i,j] = Alj,i] va A[4,i]=0
+ A[1,j] nguyén, khong am.
- Dit liéu vao: Cho file DDTOIUU.INP gom N + 2 dong
e Dong dau 1a s6 N (N Nguyén duong, N < 50)
e Dong i+l (1< i < N) ghi N sé nguyén A[i, 1], A[i, 2],..., A[i, N].
e DongN+2ghi2s6PvaQ
- Dit liéu ra: Ghi ra t¢p DDTOIUU.OUT
e Néu co dudng di thi thong béo:
+ Dong dau cho biét d6 dai duong di ngin nhét tir P dén Q
+ Dong thir i+1 14 so d6 duong di.
e Néu khong c6 duong di thong bao:
+ Khéng c6 duong di tir P dén Q
Vidu

DDTOIUU.INP DDTOIUU. OUT
Puong di ngan nhat tir 1 dén 5 dai 18
500009 1=6=5

06000
60700
07080
00809
00090
5

AP, O O O O Ul OO

Khong c6 dudng di tir 2 dén 4
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0230
2050
3500
0000
2 4

b. Gidi thudt

Goi A[i,j] 12 d6 dai dudng di ngin nhét tir thanh phd i dén thanh phd j, thi do
dai duong di ngin nhét tir thanh phd P dén thanh phd Q 1a A[P, Q].

- Néu c6 duong di tir i dén k va tir k dén j (tirc 1a A[i,k]>0 va A[k.j]>0)

+ Néu A[i,j]=0 tirc 12 khong c6 duong di truc tiép tir i dén j.

+ Néu c6 duong di tr i dén j va A[ij]>A[i.k]*A[k,j] thi gan lai

Alij1:=A[i K]+ALK,j];

- Po dai duong di ngan nhat tir thanh phd i dén chinh no thi = 0 nghia la

A[i,j]=0

- Ta xét phuong an A[i,j] gdm N dong, N cot. Lic dau A[i,j] 1a d6 dai duong

di tir i dén j (néu A[ij] #0), néu khong c6 dudng di tir i dén j thi A[i,j]=0

nghia 12 moi phan tir trén duong chéo chinh déu = 0.

Goi C[i,j] 1a diém can di qua trén duong di ngan nhat tir i dén j

Phép duyét 3 vong lap 16ng nhau

for k:=1to N do
fori:=1to N do
for j:=1to N do

+ Néu khong c6 duong di tir i dén j (A[i,j]=0)

+ Néu c6 duong di tir i dén k va tir k d&én j va 46 dai A[Lj]>A[ik]+A[k,j] thi
gan lai A[i,j]:==A[L,k]+A[k,j]; va lvu C[i,j]:=k;

- Dua vao két qua cua C[ij] ta thdy C[ij] = 0 thi A[i,j] khong thay ddi con
C[i,j] = k 1a gia tri A[i,j] da thay dbi tai budc thir k. Khi d6 gia tri A[P,Q] chinh 1a
d6 dai ngin nhit cua duong di tir P dén Q. Néu gia tri ctia A[P,Q] = 0 ttrc 1a khong
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c6 duong di tu P dén Q. Néu ¢c6 duong di thi viéc xac dinh duong di duoc goi dé
qui trong chuong trinh xac dinh duong di: Procedure Xdduong(P,Q);

Thuat toan dugc mo ta chi tiét trong phu luc 1 (Tén chuwong trinh
Duong_Di.Pas)
3.4 Bai toan mic day dién

(Pé thi chon hoc sinh gidi cdc truong chuyén khu viee duyén hai va dong
bang bdc bé nam 2013)

e Mo ta bai toan

Mot khu dan cu c6 n ho dan (3<n<=500), mdi mdt nha dan c6 mot toa dd
nhét dinh giéng nhu toa do trong hé truc toa do dé cac. Hién nay do khu dan cu nay
moi duge xay dung nén mat s6 nha thi di c6 dién va mot sb nha thi chua co dién.

Yéu cau dit ra 1a mac day dién dé tat ca cac nha déu c6 dién va sao cho téng
d6 dai duong day cua tit ca cac ho moi ndi thém 1a nho nhét, cac ho chua co dién
thi c6 thé nbi day qua ho da co dién dé cung c6 dién.

Dir liéu vao tir file Daydien.inp:

- Dong dau 12 s6 n;

- N dong tiép theo moi dong 1a toa do va ky hiéu co6 dién (1) hodc chua co
dién (0) cua ting hd trong khu dan cu.

Két qua ghi ra file Daydien.out:

Tong d6 dai duong diy dién can ndi thém dé tat ca cac ho trong khu dan cu
déu c6 dién. Két qua lay chinh xéc 3 chit s6 sau dau cham thap phan.

Vi du:

Daydien.inp Daydien.out
5 3.000
111
120
130
230
341

S6 hod boi Trung tam Hoc liéu — DHTN  http://www.lrc.tnu.edu.vn



63

Thuat toan dugc mo ta chi tiét trong phu luc 1 (7én chuwong trinh
MAC_DAY_DIEN.Pas)

3.5 Bai toan quan co Domino
(Pé thi chon hoc sinh gidi cdc truong chuyén khu viee duyén hdi va dong bang bdc
bo nam 2014)

a. Mo ta bai toan

Trong bai todn ndy, mot quan c& Domino 13 hinh c¢6 kich thude 2x1, mdi 6
ghi mot s6 nguyén duong khong qua 10. C6 N quan cd Domino xép thanh hang

ngang nhu hinh v€ dudi day.

1 6 6 8 6 4 4 3 8 9

6 10 2 8 5 2 1 6 9 5

Yéu cau: Cho hién cia cac quan co Domino hiy tim cach 1at cac quan cd
Domino (ddi chd 6 trén voi 6 dudi) sao cho chénh léch ciia tong cac sd hang trén
v6i hang dudi 1a nho nhat véi mot s it nhat cac phép lat.

Dir li€u: doc tur t¢p van ban Domino.inp

+ Dong dau tién ghi s6 nguyén duong N (N<=50)

+ Dong thir hai ghi cac s6 ¢ hang trén.

+ Dong th ba ghi cac sd cua hang dudi.

Két qua: Ghi ra tép vin ban Domino.out

+ Dong dau ghi chéch léch nhé nhat tim duoc va sé cac Domino can chuyén.

+ Dong thir 2 ghi danh sach thir ty cac quan Domino can chuyén

b. Giai thuat

Ta xdy dung mang W; 1a do chénh léch giita phan trén va phan dudi cta
thanh Domino thir i. Goi C(i,j) 1a s6 cac phép 1at nho nhat voi cac quan co tir 1 dén
i, & hang trén c6 tong 1a j. C(i,j) = min {C(i-1, j-Tren(i)), C(i-1, Duoi(i))+1}.

Tir cac C(i,j) ta d& dang tim ra chénh 1éch t6i thiéu va s 1an 14t nho nhét.

S6 hod boi Trung tam Hoc liéu — DHTN  http://www.lrc.tnu.edu.vn



64

Thuat toan dugc mo ta chi tiét trong phu luc 1 (7én chuwong trinh

Domino.Pas)

3.6 Bai toAn mang giao thong:
(Dé thi chon hoc sinh giéi cdc trieong chuyén khu vue duyén hai va dong bang bdc
bo nam 2014)

a. Mo ta bai toan

Trong mot mang giao thong lién thong gom N nat va M doan dudng giita
mot sb cip nut, moi doan duong déu co gi61 han tai trong xe. Mot xe can di tir nat 1
dén nut N. Can chon cho xe mdt hanh trinh sao cho theo hanh trinh do, xe ¢6 trong
tai dugc phép 16n nhat.

Input: dugc cho bai file TRANSPO.INP trong d6 dong thir nhat ghi hai sd
N, M. Trong M dong tiép theo, mdi dong ghi ba s6 nguyén duong, hai s6 dau 1a tén
hai nat c6 doan dudng ndi truc tiép, sb tha ba 1a tai trong cho phép.

Output: Ghi ra dong thir nhat cua file TRANSPO.OUT tai trong 16n nhat,
dong thir hai ghi s6 S 1a s6 ndt trén hanh trinh tir 1 dén N, dong thir ba ghi S nut

theo thur tu trén hanh trinh.

Céc han ché TRANSPO.INP TRANSPO.OUT

e 2<n<100000 69 4

e 1<m<200000 125 6

e 1<w<10000 143 123456
242
236
454
345
351
363
565
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b. Gidi thudt

Ap dung tu tuong thuat toan Dijkstra tim cach di t6t (tai trong cho phép
(TTCP) 16n nhat) tir 1 dén N. Véi mdi cdp dinh 1, J, ky hiéu C[LJ] = tai trong cho
phép néu c6 canh (1,J) va = 0 néu khong c6 canh (I,J). Véi mdi dinh I, ky hiéu D[I]
la TTCP khi di tir 1. Cac D[I] khoi tao =0 trir D[1] cho 16n tuy .

Thuét todn nay c6 hai pha.

- Pha 1. Gia st Last 1a dinh vira ¢6 duong di tot tir 1 dén, voi mdi dinh I chua
c6 dudng di tot tir 1 dén, so sanh TTCP cua dudng di cii véi TTCP cua dudng di tir
1 dén I vong qua Last, néu D[I]<Min(D[last], C[last,I]) thi thay D[I] bang
Min(D[last], C[last,I]).

- Pha 2. Trong s6 cac dinh I chua c6 dudng di tot tir 1 dén, chon lam Last
m&i dinh ¢6 D 16n nhét.

Thuat toan dwgc mo ta chi tiét trong phu luc 1 (Tén chuong trinh

Mang_giao_thong.Pas)
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KET LUAN

Thuat toan 1a mQt mang rat rong, néu di hau hét tit ca van dé cta thuat toan
d6 1a mot khoi lwong kién thire khong 10, cic van dé Gmg dung cua thuét toan ciing
rat nhiéu, phong pht va da dang. Trong ludn vin di tap trung nghién ciru, trinh bay
nhing kién thirc co ban vé thuat toan va Gmg dung cta thudt todn vao viéc giai mot
s6 bai toan tin hoc, dé thi hoc sinh gioi, dé thi olympic. Qua do luan van da dat
duge mot sb két qua nhu sau:

Vé Iy thuyét

Luan van tap trung nghién ctru cac kién thirc chung nhat vé thuat toan va do
phtrc tap cua thuat toan, mot s6 thuat toan trén mo hinh d6 thi. Luan van da phan
tich k¥ vé cac thuat todn cta cac bai toan Gng dung.

Vé irng dung

Luan van da phan tich va cai dat cac thuat toan cua cac bai toan ung dung
trong thi hoc sinh giéi, Olympic Tin hoc.

Pham vi va kha nang ap dung

Luén van 12 mot tai liéu tham khéo tét cho gido vién va hoc sinh trong cac
truong pho thong.

Huéng nghién ciru tiép theo

T6i wu hoa céc thuat toan va cai dit nhidu thudt toan cho cac bai toan ung
dung, dong thoi bo sung mot s6 bai toan mai trong cac ky thi chon hoc sinh gidi cap

tinh, cap qudc gia va Olympic, ...
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PHAN PHU LUC
Mot s6 chwong trinh ngudn

3.1 Bai toan gia cong
Program GIA_CONG,;

Uses Crt;
Const Fi ="'GIACONG.INP’;
Fo ='GIACONG.OUT";
Var A : Array [1..2,0..20] of Integer;
Tg,Result . Array [0..20] of Byte;
B . Array [1..20] of Boolean;
CL, Min . Integer;
N : Byte;
Procedure Input;
Var F: Text; 1,J :Byte;
Begin
Assign (F,Fi); Reset (F); Readln (F,N);
For I:=1to 2 do
Begin
For J:=1 to N do Read(F,A[l,J]);
ReadIn(F);
End;
Close(F);
End;
- N }
Procedure Output;
Var F:Text; I.Byte;
Begin

Assign(F, Fo); Rewrite(F);
For I:=1to N do Write(F,Result[I],"");

Close(F);
End;
T o }
Procedure Check;
Begin
If CL < Min then
Begin Result :=Tg; Min:=CL; End;
End;
Procedure Solve (M:Byte);
Var | :Byte;
Begin
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If M = N+1 then Begin Check; Exit; End;
Forl:=1toNdo
If B[I] = False then
Begin
CL := CL + abs (A[2,Tg[M-1]]-A[1,1]);
If CL< Min then

Begin
Tg[M] :=1; BII] := True;
Solve(M+1);
B[I] := False;
End;
CL :=CL - abs(A[2,Tg[M-1]]-A[L,1]);
End;
End;
{ - }
BEGIN
Input;

FillChar(Tg,SizeOf(Tg),0);
Fillchar(B,SizeOf(B),False);
Min:=MaxInt;
Solve(1);
Output;

END.

3.2 Bai toan xeép viéc

Program XEP_VIEC,;

Uses crt;

Const MN = 200; bl = #32; nl = #13#10;
fn = 'viec.inp’; fo ='viec.out’;

Var a, id, t: array[1..MN] of integer; {a:t thuong, t:thoi han giao nop id:chi dan}
h: array[0..MN] of integer; {truc thoi gian}
f: text; N: integer; {so luong viec}
M: integer; {so viec da xep}
tt: longint; {tong so tien thuong}
(*- Doc du lieu tu input file ----%)

Procedure Doc;
Var ik: integer;

begin

assign(f,'viec.inp); reset(f); readIn(f,N);

fori:=1to N do readIn(ft[i].a[i]);
close(f);
end;
(*- Khoi tri cho mang chi dan id --------------------=-- oo~ *)
Procedure InitID;

var i: integer;

begin
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fori:= 1toNdoid[i] := i;

end;
(*- Sap giam a[1..N] theo chi dan ---*)
Procedure IDQuickSort(d,c: integer);

var i, j, m, k: integer;

begin

i:=d; ji=c; m:=a[id[(i+j) div2]]; {phantugiua}
whilei<=jdo

begin
while a[id[i]] > m do inc(i);  while a[id[j]] < m do dec(j);
if i <= then
begin
k:=id[i]; id[i]:=id[j];  id[i]:=k;
inc(i); dec());
end;
end;

if d < j then IDQuickSort(d,j);
if i <c then IDQuickSort(i,c);
end;
(*- Xep viec theo giai thuat tham lam -*)
Procedure XepViec;
var i, k, v: integer;
begin
fillchar(h,sizeof(h),0);
fori:= 1toNdo
begin
v = id[i]; {viec nao}
for k := t[v] downto 1 do
if h[k]= 0 then
begin {xep duoc viec v tai thoi diem k}
h[k]:=v; id[i]:=-v; break;
end; end;
end;
(*------ Don cac viec da xep trong h len phia truoc va tinh tong tien thuong------ *)
Procedure DonViec;
var i: integer;
begin
tt:=0; {tim gio trong dau tien trong h}
fori:=1to MN do
if h[i]=0 then
begin
M :=1i; break;

end
else tt := tt+a[h[i]];
if M > N then exit;
fori:=M+1to MN do
if h[i] > 0 then
begin
h[M] :=h[i];  tt:=tt+a[h[i]]; inc(M);
if M > N then exit;
end;
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end;
(*- -- ----Xep cac viec con lai *)
Procedure XepTiep;
var i: integer;
begin
fori:=1toNdo ifid[i]>0then
begin
h[M] :=id[i]; inc(M);
end;
end;
(*- -
Procedure GhiTep;
var i: integer;
begin
assign(f, fo); rewrite(f);
fori:= 1to N do writeln(f,h[i]);

————— Ghi ket qua ------%)

writeln(f, 'Tong so tien thuong thu duoc:', tt); close(f);
end;
BEGIN
Doc; InitID; IDQuickSort(1,n);
XepViec; DonViec; XepTiep; GhiTep;
END.

3.3 Bai toan dwong di ngin nhat
Program DUONG_Dl;

Uses Crt;
Const Max=50;
Fi ='DDTOIUU.INP';
Fo ='DDTOIUU.OUT
Var AC . Array[1..Max,1..Max] of Integer;
N, P, Q,i,j, k . Integer;
F : Text;
Procedure INPUT;
Begin

Assign(F,Fi); Reset(F); ReadIn(F,N);
Fillchar(A,sizeof(A),0);
Fori:=1to N do
begin
For j:=1to N do Read(F,A[i.j]);
ReadIn(F);
end;
ReadIn(F,P,Q); Close(F);
End;
¢ -}
Procedure XDduong(i,j:Integer);
Begin
If C[i,j]=0 Then Write('-->",j)
Else Begin
XDduong(i,C[i,j1);
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XDduong(C[i,jl.D;
End;
End;
{ }
Procedure Output;
Begin
Assign(f,fo); Rewrite(f);
If A[P,Q]=0 Then
begin
Writeln('"Khong co duong di tu ',P," den ',Q);
Writeln(f,'Khong co duong di tu ',P,' den ',Q);
close(f);
end
else
begin
Writeln('Duong di ngan nhat tu ',P," den ', Q ,' dai ", A[P,Q]) ;
Writeln(f,'Duong di ngan nhat tu',P," den',Q," dai ', A[P,Q]) ;
Write(P);
XDduong(P,Q);
Close(f);
end;
End;
{ }
Procedure Process;
Begin
Clrscr;
For k:=1to N do
Fori:=1to N do
If Ai,k] >0 Then
Forj:=1 To N do
If (A[j,k] >0) And (i<>j) Then
If (A[i,j]=0) or (A[i,j]>Al[i,k]+A[k,j]) Then
Begin
AlijI=AlKI+ALKL; - Clijl=k;
End;
End;

- —— - —— -}
BEGIN

Input;

Process;

Output;

Readln;
END.

3.4 Bai toan mic day dién
Program MAC_DAY_DIEN;

Uses crt;

Const fi = 'Daydien.inp"; fo = 'Daydien.out’;
nm =501;
mm =100000000;
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Type xyz = Record
X,y :real; z : Integer;
end;
Var a . Array[1..nm]of xyz;
i,j,n, vti,vtj : Integer;
d, min,t . Real;
f : Text;
{ —
Function kt(x,y:real):boolean;
begin

forj:=1toi-1do
if (a[j].-x=x)and(a[j].y=y)then
begin
kt:=false;
exit;
end;
kt:=true;
end;
{ S }
Procedure nhapl,
begin
randomize;
write ('Vao n="); readIn(n);
assign(f,fi); rewrite(f);
writeln(f,n);
fori:=1tondo
Repeat
a[i].x:=random(10*n);
a[i].y:=random(10*n);
a[i].z:=random(2);
Until kt(a[i].x,a[i].y);
fori:=1tondo
writeln(f,a[i].x:0:0," ,a[i].y:0:0," ',a[i].z);
close(f);
end;
{ R oo}
Procedure nhap;
begin
assign(f,fi); reset(f);  readIn(f,n);
fori:=1tondo
begin
readIn(f,a[i].x,a[i].y,a[i].z);
end;
close(?);
end;
Function kc(i,j:integer):real;
begin
kc:=1.0*sqrt(sqr(a[i]-x-a[j].x)+sqr(a[i].y-a[j]l.y));
end;

- }

Procedure xuly;
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begin
d:=0;
Repeat
min:=mm;
fori:=1tondo
forj:=1tondo
if ((a[i].z=0)and(a[j].z=1))or((a[i].z=1)and(a[j].z=0))then
begin
t:=ke(i,j);
if t<min then
begin
min:=t;
vti:=i; vtji=j;
end;
end;
if min<kmm then
begin
d:=d+min;
a[vti].z:=1; a[vtj].z:=1;
end else break;
Until false;
assign(f,fo); rewrite(f); write(f,d:0:3);
close(f);
end;
Begin
Nhap;
xuly;
End.

3.5 Bai toan quan co Domino

Program Domino;
Const nmax =50;

fi = ‘domino.inp’;
fo = ‘domino.out’;
inf = nmax*100;
Var up, down : Array[1..nmax] of longint;
n,sum : Longint;
c : Array[1..nmax,1..nmax*10] of longint;
flip : Array[1..nmax,1..nmax * 10] of boolean;
f s Text;
{c[i,j] 1a so phep lat toi thieu cac quan domini tu 1 den i, de co tong hang tren bang j}
Procedure readf;
Var i : longint;
begin
assign(f,fi); reset(f); readIn(f,n);
sum :=0;

foriz=1tondo
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begin
read(f,upl[i]); sum :=sum + upli];
end;
readIn(f);
fori:=1to ndo begin
read(f,down[i]); sum := sum + down([i];

end;
close(f);
end;
Procedure CalC;
Var i,j,tmp : Longint;
begin
fori:=1tondo
forj:=1ton*10do
begin
c[i,j] ;= inf;
flip[i,j] := false;
end;
tmp :=0;
fori:=1tondo
begin
tmp :=tmp + upl[i];
c[i,tmp] :=0;
end;
c[1,down[1]] := 1, flip[1,down[1]] := true;
c[1,up[1]] :=0; flip[1,up[1]] := false;
fori:=2tondo
for j :=1ton*10do
begin
if j-up[i] > 0 then
c[i,j] := c[i-1,j-up[il;
if (j-down[i] > 0) and (c[i,j] > c[i-1,j-down[i]] + 1) then
begin
c[i,j] := c[i-1,j-down[i]] + 1;
flip[i,j] := true;
end;
end;
end;
Procedure writef;
var i, j, min, lj, t - longint;
tmp : array[1..nmax] of longint;
begin
min :=inf;

forj:=1ton*10do
if (c[n,j] < inf) and (abs(sum - j - j ) < min) then begin
min := abs(sum - j - j);
lj =i
end,;
assign(f,fo); rewrite(f); write(f,min,"");
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t:=0;

j: =1j;

i:=n;

while j>0do
begin

if flip[i,j] = true then begin

inc(t); tmp[t] :=1i;

j =] - downli];
end
else
j = j-uplil;
i=i-1

end;
writeln(f t);
for i:=tdownto 1 do
write(f,tmpl[i], ' ";

close(f);
end;
Begin
Readf;
Calc;
Writef;
End.
3.6 Bai toan mang giao thong
Program MANG_GIAO_THONG;
Const fi = 'TRANSPO.INP";
Fo = 'TRANSPO.OUT";
Type link  ="dinh;
dinh = Record
X,p : Word;
next . Link;
end;
mm = Array[1..1000] of word;
Var
A : Array[1..1000] of link;
ht,q,truoc mm;
n,m,min,max,ds,s : Word;
p : Pointer;
f: text; t : Char;

Procedure add(i,j,p:word);
Var
z:link;
Begin
new(z);
7 x:=j; 2N pi=p; znext:=a[i];
a[i]:=z;
end;
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Procedure nhap;
Var i,j,kp :Word;
begin
assign(f,fi);reset(f);
readIn(f,n,m);
for i:=1 to n do a[i]:=nil;
min;=65535;max:=0;
for k:=1to m do
begin
read(f,i,j,p);
if min>p then min:=p;
if max<p then max:=p;
add(i,j,p);add(j,i,p);
end;
close(f);
end;
{ }
Function ke(u,v:word):word;
Var z :link;
begin
z:=a[u];
While z<>nil do
begin
if z*.x=v then begin ke:=z".p;exit;end,;
Z:=z7\.next;

end;
ke:=0;
end;
{ - o)
Function bfs(r:word;var truoc:mm):boolean;
Var dau,cuoi,i,j:word,;
begin
fillchar(truoc,sizeof(truoc),0);
dau:=1;cuoi:=1;q[1]:=1;truoc[1]:=1;
While dau<=cuoi do
begin
i:=q[dau];inc(dau);
for j:=1to n do if (truoc[j]=0) and (ke(i,j)>=r) then
begin
truoc[j]:=i;
if j=n then begin bfs:=true;exit;end;
inc(cuoi);q[cuoi]:=j;

end;
end;
bfs:=false;
end;
{ }
Function giua(x,y:word):word;
begin
if (x mod 2 =0) and (y mod 2 = 0) then
begin giua:= x div 2 + y div 2;exit; end;
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if (odd(x)) and (y mod 2 = 0) then
begin giua:=x div 2 + y div 2; exit; end;
if (x mod 2 = 0) and (odd(y)) then
begin giua:= x div2 + y div 2; exit; end;
if (odd(x)) and (odd(y)) then
begin giua:= x div 2 + y div 2 +1; exit; end;
end;
{ }
Procedure lam;
Var r,lk:word;
begin

l:=min;r:=max;
While I<r do
begin
k :=giua(l,r);
if bfs(k,truoc) then I:=k else r:=k;
if (r=1+1) then
if bfs(r,truoc) then
begin
ds:=r; bfs(ds,truoc); exit;
end
else
begin
ds :=I; bfs(ds,truoc); exit;
end;
end;
ds :=I;
bfs(ds,truoc);
end;
{ }
Procedure viet;
Var i :word;
begin

s:=1; i:=n; ht[s]:=i;
while i<>1 do
begin
i :=truoc[i];
inc(s); ht[s] :=i;
end;
assign(f,fo+t); rewrite(f); writeIn(f,ds); writeln(f,s);
for i:=s downto 1 do write(f,ht[i]," );
close(f);
end;

BEGIN

new(p);

nhap;lam;viet;

dispose(p);
END.
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