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Chuong 1

KY THUAT PHAN TiCH, PANH GIA THUAT TOAN

1.1. Khai niém bai toan va do phurc tap dir li€u vao
1.1.1. Khai niém bai toan
- Thong thuong mot bai toan dugce cho dudi dang sau:
+ Input: Cac dit li¢u vao cua bai toan.
+ Output: Cac dit liéu ra thoa man yéu cau cia bai toan.
- Giai bai toan c6 nghia 1a xuét phat tir dit liéu vao, thyc hién mot day hitu han nhiing
thao tac c6 co s khoa hoc thich hop dé tim duoc dir liéu ra (két qua) theo yéu cau cta
bai toan.
1.1.2. B¢ phirc tap dir li€u vao cia bai toan
C6 hai quan niém chu yéu:
Quan nigm 1(quan nig¢m don giin): DO phic tap dir liéu vao cia bai toan dwoc hiéu
1a sb lugng dir li€u vao cua bai toan (kich thude cua bai toan
Quan niém 2: 1La téng d0 dai ctia moi dir liéu vao da dugc ma hoa theo mot cach nao
do.
Vi du: Cho day s nguyén X={x;,X,,...,X,}. Tim gid tri Ién nhat trong day?
Bai toan dugc biéu dién nhu sau:
Input : Cho diy s nguyén X= {X;,Xs,...,Xa}, s0 luong n.
Output: Tim s6 16n nhat Max cua day X.
- Theo quan ni¢m 1 : Kich thudc cua bai toan 1a (n+1)
- Theo quan ni¢m 2 : Kich thudc cua bai todn 1a
+ S6 tu nhién x; theo ma nhi phan c6 do dai 1a [log,x;]+1
VD: x;, ma do dai
3 11 [log,3]+1=2
5 101 [log,51+1=3

+D3 dai dir liéu cua bai todn trén la: Z [logyx;] +logn+n+1
i=1
1.2. Cac mo6 hinh tinh toan
Thong tuong ngudi ta xét dén 2 mé hinh tinh toan thong dung:

- Mo hinh li thuyét: May Turing.
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- M6 hinh tmg dung: May xu 1y thudt toan viét bang ngdn ngit twa Algol ( cac ngdn

ngtr 1ap trinh bac cao).
1.2.1. May Turing
a) Cau tao: + Bo nhé: Gom mot bang tuyén tinh vo han & ddu phai, chia thanh cac
6 nhé, mdi 6 chira duwoc mot ki hiéu nguyén td. n 6 trai (n>0) duogc ghi cac ki
hiéu ctia xau vao, phan con lai & bén phai duoc 14p day boi mot ki hidu dic biét
goi 1a ki hi¢u trang B.
+ B0 diéu khién: C6 hiru han trang thai, tai mdi thoi diém co6 mot trang
thai xac dinh.
+ Mot dau doc/ viét, nd cho phép tai mot thoi diém cé thé doc hay viét ¢
mot 0 trén bang.
b) Hoat dong: Theo thoi gian “roi rac”, dugc diéu khién boi bo diéu khién.
Tuy thudc vao trang thai hién tai va ki hiéu doc dugc trén bang ma no tién hanh
mot bude chuyén gom dong thoi 3 dong tac sau:
1. Doi trang thai trén bo diéu khién
2. Viét mot ki hiéu 1én 6 dang doc
3. Chuyén dau doc viét sang phai hay trai mot 6 theo quy dinh ctia ham
chuyén.
Mot cach hinh thirc, xem may Turing la motbo T= (2, Q, T, 3, qo, B,F)
Trong do
Q: Tap hiru han céc trang thai.
" : Tap hitu han céac ki hi€u trén bang
B : M6t ki hiéu ddc biét thude I' goi 1a ki hi¢u tréng.
2.: Tap con cua I' , khong chtra B, dugc goi 1a bo chit vao(ki hi¢u
két thuc)
qo: Trang thai dau
FcQ: Tép trang thai két thuc.
8: Ham chuyén trang thai
5:Q xI' > QxTI x {L,R}
L, R 1a céc trang thai: trai, phai
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Mot hinh trang cia may Turing la mot xau c6 dang #y,q v.#, trong do6 # 1a mot ky hi¢u

khong thudc I', # goi 1a ky hi€u mut ; con yy, 7, eF*, q €Q. Hinh trang dau 1a

#qow # voi weY

Vidu I:
Thoi diém t
X|Z
C ‘\DD
Thoi diém t+1
Y |Z
C1 \ D1
q (sang phai)

Hinh 1: Mot buoc hoat dong cua may Turing

Tai thoi diém t méy Turing & trang thai p, dau doc /viét nhom vao 6 nhé 6 ki hiéu

1a X. Tai thoi diém tiép theo t+1 (mot don vi thoi gian) méy & trang théi q, ky hiéu

X di thay bang Y, dau doc/viét chuyén sang trai hodc sang phai.

o: (p,X)—(q,Y,d) de{L,R}

hay viét pX—qYd goi l1a mot ménh I¢nh cua may T, xau ki tu CpXD goi 1a mdt

hinh trang ciia may T.

CpXD—C;qZD; goi 13 mot bude chuyén hinh trang, néu qeF thi xem nhu qué

trinh xtr 1y két thiic hay C,qZD; 14 hinh trang cudi cling.

- Néu & 1a ham don trj thi T duoc goi 13 may tat dinh(don dinh)

- Néu & 1a ham da tri thi T dugc goi 12 may khong tat dinh(khong don dinh)

- Pon vi nhé: La 6 nhé chira mot ki hiéu, néu dung ma nhi phan thi don vi nhé 1a 1

bit.

- Pon vi thoi gian: La thoi gian dé thuc hién mot bude hoat dong co ban (budc

chuyén hinh trang).

Nhan xét: May Turing cé cAu tao cuc ki don gian nhung lai lam dugc moi viéc
lién quan t6i tinh toan cac phép tinh. Tir mé hinh nay c6 thé dinh nghia ra phép cong
(mi hoa dang nhij phan) bang cach dich chuyén dau doc 0, 1 va tir d6 dinh nghia ra cac

phép tinh khéc.
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1.2.2. May xir ly thuét toan viet bang ngon ngir twa ALGOL

- Pon vi nhé: M6t 6 nhd chira tron ven mot dir li€u.
- Pon vi thoi gian: Thoi gian dé thyc hién mot phép tinh co ban trong sé hoc hay
logic nhu cOng, trir, nhan, chia, gan, so sanh...

1.3. Khai niém thuat toan va do phirc tap cia thuat toan

1.3.1. Thuat toan(Algorithm)

Thuét toan dugc hiéu don gian 1a mdt day htru han cac qui tdc. Véi clu tao va
hoat dong cuia may Turing, ta co thé dinh nghia mdt cach hinh thirc thuat toan chinh
la mgt may Turing.

Ta d4 c6 2 mo hinh tinh toan 1 may Turing va may xir 1y thuat toan viét bang ngon
ngir tva ALGOL. Ung véi hai mé hinh tinh toan nay c6 2 cach biéu dién thuat toan:
+ Thuat toan duoc biéu dién bang ngdn ngit may Turing.
+ Thuat toan duogc biéu dién bing ngdn ngit tva ALGOL.
1.3.2 Chi phi phai tra cho mdt qua trinh tinh toan va cac khai niém vé do phirc
tap thuat toan

1.3.2.1. Chi phi phdi tra cho mét qud trinh tinh todn
Thuong quan tam tdi chi phi thoi gian va chi phi khong gian (bg nho)
- Chi phi thoi gian ctia mot qua trinh tinh toan 13 thoi gian can thiét dé thuc hién mot
qué trinh tinh toan.

+ V6i may Turing: Chi phi thoi gian 13 s6 budce chuyén hinh trang tir hinh trang
dau dén hinh trang két thuc.

+ Vi thuat toan twa Algol: Chi phi thoi gian 1a sd cac phép tinh co ban can thuc
hién trong qua trinh tinh toan.
- Chi phi khong gian ctia mdt qué trinh tinh toan 1 s6 6 nhd can dé thyc hién mot
qua trinh tinh toan.

Goi A 1a mot thuat toan tuong ing véi mot mo hinh tinh toan

Goi e 1a bg dir liéu vao da duoc ma hoa theo cach nao do
Khi d6 thuat toan A tinh trén dit liéu e can phai tra mdot gia nhét dinh bao gém 2 gia:
+ ta(e) la gia thot gian
+ 1a(e) 12 gid bd nhéd
Cung mot thuat toan A, xtr 1y trén cac bo dir li¢u khac nhau thi s€ c6 gid khac nhau.
Vi du 2: Cho diy sb nguyén S= {X1X2,.--Xn}, sd phan tir n.

Tim s6 16n nhat cua day ?
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Bai toan duogc bicéu dién nhu sau.

Input: Ddy sd nguyén S={X1 X2,...Xn}, N
Ouput: S6 16n nhat Max=max {x;} cua S.
Thuat toan A:
Begin  Max:=x;;
For i:=2 to n do
If x>Max then Max:=x;;
End.

* Xét bo dir licu vao e,={4, 0,9, 1, 5}
1a(e;)=5+1+1+1=8 (sb bién vao:6, s6 bién ra:1, s6 bién phu:1)

tA(Cl):5+1:6 vi

max:=4 thuc hién 1 phép tinh
vi x,=0<max=4 nén khong lam gi thuc hién 1 phép tinh
x3=9>max=4 nén max:=9 thuc hién 2 phép tinh
x4=1<max=9 nén khong lam gi thuc hién 1 phép tinh
Xs=5<max=9 nén khong lam gi thuc hién 1 phép tinh

=Tbng cong thuc hién: 6 phép tinh

* Xét bo dir licu vao e,={2, 7, 8, 11, 17} ta co:

Ia(e2)=8

ta(e)=1+4.2=9

Nhu vay véi e# e, chi phi xtr Iy ciia A trén e; va e, 1a khac nhau.

b) Cic khdi niém vé d¢ phirc tap ciia thudt todn

v Pj phiic tap trong truwdng hop xiu nhit

Cho mot thuat todn A véi dau vao n, khi do:

- Do phirc tap vé bo nhd trong truong hop xau nhat duge dinh nghia 1a:
La(n) =max{ls(e)|| | e | <n}

Tt 1a chi phi 10n nhat vé bd nhd.

Trong vi du trén: Dit liéu vao: n+1, ra:1, phu:1 nén La(e)=n+3.

- Do phirc tap thoi gian trong truong hop xau nhat duge dinh nghia 1a :
Ta(n) = max{ta(e) || | e | <n}

Ttec 1a chi phi 16n nhét vé thoi gian.

Trong vi du trén T(n) =1+2(n-1) = 2n-1.
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v Dj phiic tap trung binh

La tong sb cac d6 phirc tap khac nhau tmg véi cac bo dit lidu chia cho tong sd.
v D) phikc tap tiém cin
Thuat toan A voi dau vao n goi 1a ¢o d6 phuc tap O(f(n)) néu 3 hing s6 C, Ny
Ta(n)<C.f(n) , Vn=>N,. Ttc 1a Ta(n) co toc do ting 1a O(f(n))
v' D) phirc tap da thirc(Polynomial)
Thuat toan duoc goi la c6 do phuc tap da thuc néu ton tai da thuc P(n) ma
Ta(n)<C.P(n) , Vn>Ny.
v Thuit toan da thirc
Thuat toan dugc goi 1a da thirc néu d6 phirc tap vé thoi gian trong truong hop xau
nhit cta no 1a da thirc.
Viéc danh gia ding d6 phtic tap ctia bai toan 1a mot van dé hét strc phire tap. Vi vay
ngudi ta thudng quan tim dén viée danh gid do phuc tap thoi gian trong trudng hop
xau nhat cta bai toan.
Mot s6 don vi do téc do tang:
- O(1): Hau hét cac chi thi cua chuong trinh déu duoc thuc hién mot 1an hay nhiéu
nhat chi mot vai 1lan=Thoi gian chay cta chuong trinh 13 hang sb.
- O(logN): Thoi gian chay cua chuong trinh 1a logarit, tirc 1a thoi gian chay cua
chuong trinh tién cham khi N 16n déan.
- O(N):Thoi gian chay 14 tuyén tinh. Day 14 tinh hudng t6i vu cho mot thuat toan phai
xur Iy N dit liéu nhap.
- O(NlogN): Thoi gian chay tang dan 1én cho cac thuat toan ma giai mot bai toan bang
cach tach n6 thanh cac bai toan con nho hon, sau d6 t6 hop cac 161 giai.
- O(N?): Thoi gian chay 13 bac 2, truong hop nay chi c¢o y nghia thuc té cho cac bai
toan twong ddi nho. Thoi gian binh phuong thudng ting dan trong cac thuat toan phai
XUt 1y tat ca cac cap phan tir dit liéu (2 vong 13p 16ng nhau).
- O(N?): Thuat toan xtr Iy cac bd ba cua cac phan tir dit lidu (3 vong l3p 16ng nhau)=y
nghia véi céc bai toan nho.
- 0(2"), O(n!), O(n"): Thoi gian thyc hién thuat toan 1a rat 1on do tbc do ting cia cac
ham mil.
1.4. Cach tinh d¢ phurc tap
1.4.1. Cac quy tic co ban
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a) Quy tac cong: Neu T;(n) va Ty(n) la thoi gian thuc hién 2 chuong trinh P;, P, va

T,(n)=0(f(n)), T-(n)=0(g(n)) thi thoi gian thwc hién ciia doan 2 chwong trinh dé noi
tiép nhau la T(n)=0(max(f{(n),g(n))

Vidu: Lénh gan x:=5 tbn mot hang thoi gian~O(1).
Lénh doc dit liéu READ(x) tén mét hang ~O(1).
Thoi gian thyuc hién ca 2 1énh trén nbi tiép nhau 1a O(max(1,1))=0(1).

b) Quy tic nhan: Néu Ti(n) va Ty(n) la thoi gian thuc hién 2 dogn chwong trinh P,
Py va T;(n)=0(f(n)), T,(n)=0(g(n)) thi thoi gian thuc hién cua 2 doan chwong trinh
dé long nhau la T(n)=0(f{n).g(n)).

¢) Quy tic tdng quat dé phan tich mét chwong trinh
- Thoi gian thyc hién ciia moi 1énh gan, READ, WRITE 1a O(1)

- Thoi gian thuc hién cia mot chudi tuan tu cac 1énh dugc xac dinh bang quy tic

cong=Thoi gian ndy 14 thoi gian thi hanh mot 1énh nao d6 14u nhit trong chudi 1énh.

- Thoi gian thuc hién cau trac IF 1a thoi gian lon nhét thuc hién cau 1énh sau THEN
hodc ELSE va thoi gian kiém tra diéu kién, thuong thoi gian kiém tra diéu kién la

o(1).

- Thoi gian thuc hién vong lap 13 tong (trén tat ca cac lan lap) thoi gian thyc hién
than vong lap. Néu thoi gian thuc hién than vong lip khong doi thi thoi gian thuc

hién vong ldp 14 tich s6 lan 1dp voi thoi gian thyc hién than vong 1ap.
Vi du 3: Tinh thoi gian thuc hién doan chuong trinh:
Begin
1. for i:=1 to n-1 do {lap n-1 lan).
2. for j:=n downto i+1 do {thuc hién (n-i)lan,méi lan O(1) =
O((n-i).1)=0(n-i).

3.if a[j-1]>a[j] then
10
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begin
dbi chd (a[i],a[j]).
4. temp:=a[j-1]; o(1)
5. afj-1]:=alil;
6. a[j]:=temp;
end.
End.
Do phire tap Tn)=5" (n— ="V —o(m).

Py
Chu y: B phuc tap thuat toan khong chi phu thudc vao kich thudce, thoi gian ma con
phu thudc vao tinh chét cua dit liéu vao.

Vi du 4: Thuét toan sip xép day sd nguyén ting dan. Néu diy nhap vao da co thi tu
thi thot gian thyc hién khac voi khi nhap vao day chua co tha tu

1.4.2. B§ phirc tap cia cac chwong trinh dé quy

Véi cac chuong trinh chuwong trinh dé quy, trude hét ta can thanh lap cac phuong
trinh d¢ quy, sau do giai cac phuong trinh d¢ quy. Nghiém cta phuong trinh d¢ quy la
thoi gian thuc hién chuong trinh d¢ quy do.

a)Thanh ldp phwong trinh dé quy:

Phuong trinh d¢ quy 12 mot phuong trinh biéu dién méi lién hé giita T(n) va T(k)
trong d6 T(n) la thoi gian thuc hién voi kich thude dir liéu nhap 1a n,
T(k) 1a thot gian thuc hién véi kich thude dit liéu nhap 13 k, k<n.
Pé thanh 14p phuong trinh dé quy ta cin ¢t vao chuong trinh dé quy.
Vi du 5: Ham tinh giai thira viét bang giai thuat dé quy sau:
Function Giai_thua(n:Integer):Integer;
Begin
If n=0 then Giai_thua:=1
Else Giai_thua:=n*Giai_thua(n-1);
End.

Goi T(n) : Thoi gian thyc hién tinh n!
11
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T(n-1) : Thot gian thuc hién tinh (n-1)!

Truong hopn=0 —>Thyc hién mot Iénh gan Giai thua:=1= 0O(1)=T(0)=C,
Truong hop n>0= Goi dé quy Giai_thua(n-1) tn T(n-1) thoi gian
Sau khi c6 két qua cua viéc goi dé quy, phai nhan két qua d6 v6i n va gan cho
Giai_thua, thoi gian thyc hién phép nhan va phép gan 1a mot hing C,.
Vay ta cé phuong trinh dé€ quy 1a :
(O] néu n=0
T(n)=
T(n-1)+C,  néun>0.
*Vidu 6: Xét thu tuc Mergesort sau:
Function Mergesort(L:List;n:Integer):List;
Var L, L,:List;
Begin
If n=1 then return(L)
Else
Begin
Chia L thanh 2 nira L;,L, ,mdi ntra ¢6 d6 dai n/2
Return(Merge(Mergesort(L,n/2), Mergesort(L,,n/2));
End;
End;
Ham Mergesort nhan mot danh sach c6 do dai n va tra vé mot danh sach da duogc sép
xép. Thu tuc Merge nhan 2 danh sach da duoc se"lp L,, L, mdi danh sach c6 do dai n/2
tron ching lai voi nhau dé dugc mot danh sach gdm n phan tir c6 thi ty= Thoi gian
thuc hién Merge cac danh sach c6 do dai n/2 1a O(n).
- Goi T(n) 1a thoi gian thyc hi¢n Mergesort 1 danh sach c6 n ph?ln tur
T(n/2) 14 thoi gian thyc hién Mergesort 1 danh sach c¢6 n/2 phan tir

Ta c6 phuong trinh dé quy :

12
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C néun=1
T(n)=
2T(n/2) + Con  néun>1
Trong d6: - C; 1 thoi gian phai ton khi L ¢6 d6 dai bang 1
- Trudng hop n>1 , thoi gian Mergesort dugc chia 1am 2 phan:
+ Phan goi dé quy Mergesort 1 danh sach c6 d6 dai n/2 1a T(n/2)
+ Phéan thir 2 bao gém phép thir n>1, chia danh sach thanh 2 nira va
Merge, ba thao tac nay c6 thoi gian khong ddi= Thoi gian thuc hién 1a
Con

b. Giai phwong trinh dé quy:

Phuong phap truy hoi:
Dung dé quy dé thay thé bat ki T(m) véi m<n vao phia phai ciia phuong trinh cho
dén khi tit ca T(m) v6i m>1 duogc thay thé boi biéu thirc ciia T(1). Vi T(1) ludn 1a

hang nén ta cd cong thure cua T(n) chira cac s6 hang chi lién quan téi n va céc hang so.

*Vidu 7: Giai phuong trinh:

C néu n=1
ro- {

2T(n/2) + Con  néun>1

Tacé T(n)= 2T[%j+ C,n

+Cyn = 4T(%) +2C,n

T(n)= 2:2T[%j +C,

NSRS
L

T(n)=4 2T[£j +C, 2 \+20,n = 8T[ﬁj +3C,n
8§) 4] 8

Gia sir n=2" qué trinh suy rong nay s& két thic khi i=k = T'(n) = 2* T(1)+ kC,n
Vi 25=n = k=logn va v&i T(1) = C; = T(n)= C,n+C,nlogn )
Vay thoit gian thyc hién thuat toan 1a O(nlogn)
Pinh Iy: (Vé nghiém cta phuong trinh truy hoi)
13
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Cho a, b, ¢ nguyén, duong. Khi d6 nghiém cua phuong trinh truy hoi:
b néun=1I
T(n) =

n .
al(—=)+bn néu n>1,n=c*

c
Co dang:
O(n) néua<c
T(n)= 1O0(nlog, n) néua=c
oOn'**y  néua>c

1.5. Thuat toan khong don dinh da thirc(Nodeterministic Polynomial NP)

Véi nhiéu bai toan tdi wu t6 hop van chua tim dugc cac thudt todn don dinh chay
trong thoi gian da thic, trong khi d6 néu cho phép dung thudt todn khéng don dinh
thi lai dé dang chi ra cic thuat toan chay trong thoi gian da thirc. Ta xét bai toan sau
day:

Bai todn xép balé 0-1(KNASPACK)
- Input: 1 bal6 cé thé tich B; n do vat c6 thé tich aj,a,,...,a, .
- Output: Tim nhém dd vat dat vira khit bald.
*Cach 1: Phuong phap Vét toan bo can sd phép thtr cac kha ning la:
Cl+C}+.Cl +C! »2" D6 phirc tap tinh toan 1a O(2").
*Cach 2: Dién ta thuat toan khong don dinh ta cn dung 3 ham:
- CHOICE(ay,ay,...a,): Chon mot trong s6 n gia tri.
- SUCCESS: Néu ¢6 mét diéu kién thoa man.
- FAILURE: Néu diéu kién khong thoa man.
Khi d6 bai toan trén c6 thé dién dat nhu sau:

Liéu c6 thé ton tai tip chi sé T<{1,2,...,n} ma Zai =B.
ieT

Thuat toan:
For i:=1 to n do
x;:= CHOICE({0,1}); {phép toan lya chon mot trong 2 gid tri}
if le.ai =B then SUCCESS

i=l1

else FAILURE;

- Gia phai tra vé thoi gian :
14
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+ Truong hop SUCCESS: Thoi gian it nhat dé thuc hién SUCCESS .

+ Truong hop FAILURE: Chinh 1 thoi gian téi da.
Thuat toan trén tro thanh khong don dinh da thirc, s6 phép tinh thyc hién 1 2*n+2.
Bai todn Xép balé mé réng (Tén trém tham lam)
Input: Mot ba 16 c6 thé tich B, n d6 vat c6 thé tich: aj, a,,...a, ,
gia trj trong tng cta cac d6 vat 1a: py, pa,...pa

Ouput: C6 ton tai tap T {1,2,...,n} sao cho D ai<b va ) p, dat max?.

ieT ieT
Bai todn xép balé gid tri nguyén:
Input: Mot ba 16 cé thé tich B, n d6 vat c6 thé tich: aj, a,,...a, ,
gia tri tuong Ung cua cac dd vat la: P1s> P2s---Pn
Sb luong mdi loai dd vat 1a khong han ché, x; nguyén la s6 luong loai
do vat i.
n n
Ouput: Tim nhém dd vat thoa min Zaixl. <Bva Z p;x; dat max ?.
i=1 i=1
v/ Méi quan hé vé tinh da thirc gitra md hinh Turing va mé hinh tya Algol
Dinh li 1: Thudt todan trén may Turing la da thirc thi thudt toan trén tua Algol twong
ing ciing la da thire, ngwoc lai chiea chdc.
Vidu 8: Tinh S=27%.
X:=2;
for 1:=1 to n do x:=x*x;

Tacd i:=1: x°

. 2 2 2
1=2: X * x =x?

4 4 :
1:=3 X' ¥ xT=x?
. n—1 n-1 n
i=n: x> *x* =x°

+ Trén may Turing : Dt liéu vao 2> ma nhi phan la: [log, 2% ] +1~2", do phtc tap
la O(2")
+ Thuat toan tua Algol : D6 phtrc tap 2n+1~0(n) .

Pinh li 2 : Néu thudt todn twa Algol la da thirc va trong thudt todn chi c6 cdc phép

toan co ban( +, -, % /, so sanh,gan, AND, OR...) va dit liéu vao phai co do phirc tap

15
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da thurc theo quan niém 2(d¢o dai ma) thi thudt toan (trén may Turing) tuwong vung la da

thure.
Vidu: Input: Day sb a;,a,...a,, 1.
Output: Sap xép theo chiéu giam dan.
For i:=1 ton do
Begin
J=1
for k:=i+1 to n do
if a,>a; then j:=k;
TAM:=a;; a;:=a;; a;:=TAM,;
End;
Do phtic tap tinh toén:
- Dt liéu: nt1~ O(n).
- B6 nhé: (n+1)+4=n+5~0(n)

N\

(vao) (i,,k,tam)
- Thoi gian: 2((n-1)+(n-2)+...+2+1)+4(n-1) = 2n. nT_l +4(n-1) =n’*+3n-4~O(n?).

— Thuit toan 1a da thie = Thuc té giai dugc.
1.5.1. Su phan 16p cac bai toan.
V&1 mot bai toan cho trudce c6 2 kha nang xay ra:
+ Khong giai dugc hoac
+ Giai duoc béng thuat toan.
- Truong hop bai toan giai duge bang thuat toan ciing chia lam 2 loai:
+ Thuec té giai dugc: Puge hiéu 1a thuat toan xur 1y trong thoi gian du nhanh, thuc
té cho phép, d6 1a thuat toan c6 do phire tap thoi gian 1a da thiec.
+Thyec té khé giai: Puoc hiéu 1 thuat toan xur 1y trong nhiéu thoi gian, thyc té kho
chép nhén, d6 13 thuat toan c6 d6 phirc tap thoi gian 14 trén da thirc (ham mi).
Do d6, ta c6 su phan 16p cac bai toan do 2 tac gia Cook va Karp dé xuit nam 1970-
1971 nhu sau:
- P: La lép cac bai toan co thé giai duoc b:;ing thudt toan don dinh trong thoi gian

da thurc (Deterministic polynomial).

16
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Vi du: Bai toan vé tinh lién thong cua do thi c6 thé giai dugc nho thuat toan véi thot

gian tinh 13 O(n*)= Thudc 16p P
- NP : La 16p céc bai toan c6 thé giai duoc bang thuat toan khong don dinh trong
thoi gian da thiac. Hay, 1a 16p cic bai toan ma moi nghiém gia dinh déu c6 thé
duoc kiém chimg trong thoi gian da thitc (Nondeterministic polynomial)..

Vi du: Bai toan kiém tra mot day dinh cta dd thi G ¢6 1a chu trinh Hamilton hay
khong co thé thyc hién sau thoi gian da thirc = Thudc 16p NP

= PcNP
Nhung hi¢n nay chua chung minh dugc P 14 tap con thuc sy ctia NP, van dé P = NP?
hién 12 mot trong s6 cac van d& mo ndi tiéng nhét va cling dit gia nhat trong Toan hoc
va trong Tin hoc 1y thuyét.

1.5.2. Khai niém “déan vé dwoe” (Phép quy ddn): Cho hai bai toan A, B
Pinh nghial: Bai todn A dwoc goi la “dan vé dwoc” bai todn B sau thoi gian da thirc
néu cé mot thudt todan da thire dé gidi bai toan B thi ciing co mot thudt toan da thurc dé
giai bai toan A.
Nghia 1a: Bai toan B “kho hon” bai toan A hay A “dé hon” B hay A la truong hop
riéng cia B. Ki hi¢u A « B.
Phép quy dén c6 tinh chét bac ciu: A«xcB vaBocC=AxC.
Tu twong quy dan di giai thich vai trd quan trong cia 16p bai toan P. Néu ta co bai
toan A thudc 16p P va mot bai toan B c6 thé quy din vé A, thé thi B ciing thudc vao P.
Nghia 13 P 13 dong d6i véi phép quy dan.
Pinh nghia 2 : Bdi todn A dwoc goi la “khé twong dwong” bai todn B néu Ao« B va
BocA. Ki hieu A ~ B.

1.5.3 Lép bai toan NP - khé (NP - hard) va NP - diy di (NP — Complate)
a) Bai toan quyét dinh: Bdi todn quyét dinh la bdi todn ma dau ra chi c¢é thé la
“Yes” hodc “No” (Pung/sai, 0/1, chdp nhédn/tir chéi).
Vi du: Bai toan vé tinh nguyén t6: ” Hoi sé nguyén n c6 1a s nguyén to hay khong?”.
Khi d6 ta ¢c6 n = 23 1a bd dir li€u vao “Yes”, con n = 24 1a bd dir li€u vao “ No” cua
bai toan.
b) Bai toan NP — Kho(NP — Hard)
Bai todan A dvwoc goi la NP- kho néu nhw ton tai thudt toan da thire dé giai bai toan A

thi kéo theo sw ton tai thudt todn da thirc dé giai moi bai toan trong NP.

17
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Hay: A 1a NP — Kho néu nhu Boc A, v1 moi bai toan B € NP

Mot cach khong hinh thure, co6 thé noi rﬁng néu ta co thé giai dugc mdt cach hi¢u qua
mot bai toan NP — Kho cu thé thi ta ciing c6 thé giai hiéu qua bat ky bai toan nao trong
NP béng cach str dung thuat toan giai bai toan NP-Kho nhu 1a mot chuong trinh con.
¢) Bai toan NP - diy du(NP — complete, NPC)
Mot bai toan quyét dinh A duoc goi 1a NP - ddy du néu nhu

1) A la bai toan trong NP,

ii) Moi bai toan trong NP déu c6 thé quy dan vé A.
Luu y: Khai niém NP - day du doi hoi bai toan nhat thiét phai c6 dang quyét dinh.

Ta c6 burc tranh tam thoi day da vé phan 16p cac bai toan trén hinh sau:

NP NP-kho

Q@

Hinh 2: Sy phdn [0p cac bai toan
¢) Phwong phap chirng minh mot bai toan 1a NP - day da
- Céch 1: Theo dinh nghia (rt kho).
- Cach 2: 4p dung bd dé sau:
B6 dé: Gia sir bai toan A 1a NP - day du, bai toan B thudc NP va bai toan A quy din
vé B. Khi d6 bai toan B ciing 1a NP - day du.
Vi du 9: Bai toan xép baldg(KNASPACK)e NPC= Chimg minh bai toan lap lich
e NPC.
°Bai toan lap lich (Bai toan PHAT):
Input: C6 n cong viéc xur ly trén mdt may.

r;: Thoi diém bat dau cong viee xu 1y i

d; : Han dinh hoan thanh cong viéc 1.

t; : Thot gian xu Iy cong viée 1, t; <d;-1;.

b; : Thoi gian bat dau xur 1y.

¢c; : Thoi gian két thac cong viéc 1, t=c;-b;

néu ¢;< d; , cong viéc i l1a xr Iy ding han.
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néu c>d; , cong viéc 1 la xir 1y qua han(bi phat).

W - Tién phat.
Output: Hiy sap xép cc cong viéc theo mot thir ty nhat dinh dé theo d6 cho dén
luot xir 1y, sao cho luong tién phat 13 it nhat.
Kihiéu U;= { 0 néu ¢;< d; (dung han)

1 néu c>d; (qua han)

Khi d6 yéu cau : Y UjW; — min
H

Ta c6 thé viét bai toan trén ngin gon nhu sau : ] > UW; .Kihiéu la PHAT.
H

Bai toan nay rd rang 13 giai dugc bang phuong phap “vét toan bd”. Nhung thyc té kho
giai vi nd thudc 16p NP_day du.

Dé chimg minh bai toan “PHAT” 1a NP - ddy du, chi can ching minh rang bai toan
KNAPSACK o PHAT vi ta di biét KNAPSACK la NP_day di. Noi mot cach khac
KNAPSACK la truong hop riéng cia PHAT.

Nhéc lai bai todin KNAPSACK:

Input: n d6 vat voi thé tich a;,a,,...a, can nhét vao bald ¢ thé tich B.
Output: Tim nhdém d vat c6 thé nhét vira khit bald trén.

(3Tc{l2,..n} ma Y ai=B)

ieT
a) DPé chimg minh KNAPSACK o« PHAT trudc hét ta dién dat né bang ngdn ngir
cia bai toan PHAT. Cu thé mdi vat i & KNAPSACK duoc xem 1a mot cong
viéc trong PHAT, chung déng thoi dugc nhap vao hé théng. Moi cong viéc co
han dinh nhu nhau va béng B. Thoi gian t; thuc hi¢n cong viéc 1 béng tién phat
w; va béng thé tich a; cua vat.
Tém lai ta c6 thé biéu dién bai todn nhu sau:
Input: - n cong viéc déng thoi duoc xt 1y r; =0, Vi=1,2,...,n.
- mdi cong viéc 1 (1<i<n) dugc biét d=B, t=w;=a;, Vi1=1,2,....n.
- may lam viéc lién tuc cho dén khi moi cong viéc duoc xu ly xong.
- tai mdi thoi diém may chi xtr Iy duge mot cong viée.
- khi dang xur ly cong viéc 1, khong dugc pheép ngét né dé thuc hién mot
cong vi¢e khac.

Output: Hay 1ap lich dé may xur 1y cac cong viée sao cho luong tién phat 13 it nhat
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> U;W; la nho nhat.
=1

b) Chirng minh:
Giai dugc PHAT bang thuat toan don dinh da thic thi ciing giai duoc
KNAPSACK br:ing thuat toan don dinh da thirc va nguoc lai.

°Gia st gidi dugc PHAT tic 1a lich biéu ma Z W,U; 1a nho nhét, vay thi:

i=1

, WiUizn i-b. b. = = ,
s  meme

———
I'iZO b di:b ZCli -b

Suyra 3Sc{12...n} ma SUW;=Y4,=Ya b
=

ieS i=1
Hay b=)a,-> a,=> a; véi T={1,2,...n}- S. Nhu vy KNAPSACK di giai
i=l1 ieS ieT
duoc.

°Nguoc lai, gia st KNAPSACK da giai duogc, tac la 3T< {1,2,...,n} ma Zai =b
ieT

hay

> a;=Ya,-> a,=b, nhu viy > a,- YUW; =b= YUW; =>4, -b, dy la luong
ieT i=l ieS i=l H H i=l

tién nho nhit va PHAT da giai dugc.

*Cha y: Néu tit ca n cong viée déu qua han thi lugng tién phat 16n nhét 1a Za -

pan
d) Mot sb bai toan da dwoc chirng minh 1a NP — khé , NP - day du

Dé chirmg minh mot bai toan nao d6 1a NP-day du (NP-kho) cong viéc kho khan nhat
1a tim duoc mot bai toan NP-ddy du c6 thé quy dan vé nd. Do d6 ta can biét thém vé
nhiing bai toan da duoc chimg minh 1a NP-day du, cho dén nay danh muc cac bai toan
NPC trong cac linh vuc da dang :Logic Bool, dd thi, sd hoc, 1ap lich, tro choi,
otomat...dd 1én dén hang nghin . Sau day 1a mot s6 bai toan da duoc ching minh 1a
NPC:

@ Bui to,n 3-SAT.
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Xét cac biéu thirc Bool 1a hoi ciia cac ménh dé ma mo1 ménh dé 1a tuyén cua dang 3

toan hang, mdi todn hang 1a mot bién Bool (x) hodc phu dinh clia né (X). Bicu thirc
Bool ¢6 dang nhu vdy duogc goi 1a cong thic 3-CNF (dang chudn tic héi 3 —
conjunctive normal form).
Vidu Biduthtc (xv yvzZ)ARXVYVIIAXVIVIIA(XVZVU)

La mot 3-CNF chua 4 bién Bun x, y, z, u.
Bai toan 3-SAT: Cho mot cong thirc 3-CNF, hoi ré“mg c6 ton tai mot bod gia tri cua cac
bién sao cho biéu thirc nhan gia tri TRUE hay khong?
@ Bai todn vé bé I6n nhat cia dé thi (MaxClique):
Cho @6 thi v6 huéng G = (V, E). Mot d6 thi con day du cua db thi G dugc goi 1a be
(clique). Ta goi kich thudc ciia bé 1a s6 dinh ciia n6. Bé cua do thi G véi kich thude
16n nhat duoc goi 1a bé 16n nhat(MaxClique)

Vidu:

Hinh 3 :

a)MaxClique kich thuoc 3 b)MaxClique kich thuoéc 4
Bai todn Cligue: Cho @6 thi vo hudng G = (V, E) va s6 nguyén k. Hoi do thi G ¢6
chtra be vo1 kich thudce hay khong ?
@.Bai todn phii dinh(Vertex Cover- VC) : Ta goi mot phui dinh cia dd thi vo hudng
G=(V, E) 1a mdt tap con cac dinh cua dd thi S = V sao cho mdi canh cua d6 thi co it
nhét mot ddu mut trong S. Ta goi kich thudc ctia mot phu dinh 1a s6 dinh cua nd
Bai todn VC : Cho db thi vé huéng G=(V, E) va s6 nguyén k. Hoi c6 phu dinh véi
kich thudc k hay khong?
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Vidu:
S &a D @

Hinh 4
a) Phu dinh voi kich thudc 2 b) Phu dinh voi kich thuoc 3

1.6. Thuat toan xap xi (Heuristic)

1.6.1. Cac khai niém

Nguoi ta cho rang ngiy nay may tinh vai toc d6 rat 1on, khong can quan tim nhiéu t6i
thuat toan nhanh nhung véi sy kiém chimg sau day: Bai toan xir 1y v6i n ddi tuong, co

3 thuat toan véi 3 muc phuc tap khac nhau, sau 1 gio xtr 1y s€ chiu 3 hau qua khéc

nhau.
Thuat toan | DO phtc tap | X 1y/1 gio
A O(n) 3,6 triéu ddi tuong
B O(nlogyn) | 0,2 triéu doi tuong
C 02" 21 d6i tuong

Trong khi do nhiéu bai toan co y nghia thyc té lai thudc 16p céac bai toan NPC va rat
quan trong. Néu mot bai toan 1a NPC ta it khong tim mot thuat toan thoi gian da thuc .
Vi vy, ¢6 hai cach tiép can dé c6 thé khic phuc tinh NPC:
- Néu dir liéu dau vao thyc té 12 nho thi mot thuét toan c6 thoi gian thuc
hién ham mil c6 thé hoan toan thoa man.
- Tim cac giai phap gan tbi uu trong thoi gian da thirc.
Mot thuat toan tra vé cac két qua gén tdi wu duoc goi la mQt thuat toan xép X1.
Ta c6 cac khai niém sau day:
o Thudt todn t6i wu nhanh: La thuat toan tim nghiém t6i wu, nhung nhanh (d6 phirc tap
thoi gian 1a da thie).
o Thudt todn t6i wu chdm: La thuat toan tim nghiém t6i vu nhung cham (d6 phuc tap

thoi gian 1a ham mi).
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o Thudt toan xap xi nhanh (Fasf Approximation Algorithms). La cac thuat toan tim ra

nghiém gan dung ctia bai toan véi d6 chinh x4c nao d6 nhung du nhanh. Thuat toan
nhu vay con dugc goi la “Thuat toan xép xi da thuce”.
Vi du 10: Bai todn phii dinh t6i wu
Input: Cho d6 thi vo huéng G = (V, E).
Output: Tim phu dinh t6i wu( Phu dinh c¢6 kich thiroc cuc tiéu) .
Bai toan VC tim ra phu dinh c6 kich ¢& cyc tiéu 1a NPC. Do d6 khé c6 thé tim ra 1
phu dinh téi vu nhung khong quéa khé dé tim ra mot phu dinh gan tbi wu.
Sau day 1a mot thuat toan xap xi cho két qua 1a mot phu dinh c6 kich ¢& khong 16n
hon 2 1an kich ¢& mot phu dinh ti wu trong thoi gian da thuc:
Procedure Approx VertexCover;
Begin
C:=¢; { C - tap phu gan t6i vu}
E:=Tép canh cua do thi G;
While E = ¢ do
Begin
Chon (u, v) 1a mot canh tuy y cua E;
C:=C U {u, v}; {Két nap hai dinh u, v vao phu dinh C};
GO bo khéi E moi canh lién thudc voi u hoac v;
End;
Return(C);
End;
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)
O o w ©® ©

a) Po thi G b) Chon canh (b, c), g6 bo (b,a),(c,e),(c,d)

Hinh 5

c) Chon tiép (e f), g bo (e,d),(d f) d) Chon canh (d,g), E = ¢

Két qua : Phu dinh C={b, c, d, e, f, g} gén tdi wu co kich thudc 6.

( Phu dinh 16§ wu {b, e, d} co kich thuoc 3)

1.6.2. Thuit toan & - xip xi tuyét doi

Cho P 1a bai toan cuc dai hoa:

Goi H 1a thu tuc Heuristic, thuét toan tim mot nghiém nao dé cho P

Ki hiéu OPT(I) 12 nghiém tbi uu ctia bai toan P ddi vé6i thé hién 1.

Ki hiéu H(I) 1a nghiém gan dung cua P do thuét toan H tim ra.

Cho &>0, thu tuc Heuristic H duoc goi 1a thudt toan & - xap xi tuyét di khi va chi khi

|OPT(I)~ H(I)| < & cho moi thé hién I ctia bai toan P (I: instance) véi V b dir liéu.

Vi du 11: Bai todn leu triv t6i da sé heong chwong trinh (maximum program stored)
Input : - n chuong trinh véi dung lugng nhé (46 dai) dy,d,,..., d,
- Hai bang nhé véi dung luong (46 dai) moi bang 1a L.
Output: Hay ghi cac chuong trinh 1én 2 bang nhé véi s6 luong toi da, mdi chuong
trinh chi dugc ghi trén mot bang nho.
Bai toan nay di dugc ching minh 1a NP - day du. Vi vay viéc tim thuét toan da thic

cho no 1a it hi vong.
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Nguoi ta da dung giai phdp tim thuat toan xap xi nhanh cho phép tim dugc nghiém

gan diing ctia nd nhung chi mét thoi gian da thuc.

Sau day la thuat toan 1- x4p xi tuyét ddi: Cho két qua nghiém téi wu va nghiém gan
ding chi chénh nhau c6 1.

Thuét toan 1- xap xi tuyét doi:

Procedure XXTDI;

Begin
1. Sép Xép cac chuong trinh theo thir ty tang dan cia d;,ds,..., d;
2.1:=1;
For j:=1 to 2 do
Begin
dodai:=0;
While (dodai+d; <L) and (i<n) do
Begin

<ghi chuong trinh 1 vao bang nhé j>;

dodai:= dodai+d;;

1:=1+1;

End;
End;
End;

Chu y: Muc dich muén chi trén 2 bang nhd c6 do dai L ma luu trlr dugce tdi da cac
chuong trinh. Theo suy nghi thong thuong thi hdy uu tién cac chuong trinh ¢6 do dai
ngan hon, vi vy dau tién 1a sip xép cac chuong trinh theo tht ty ting dan cac do dai
ctia chiing. Tiép theo 1an luot xép theo thir ty nay 1én timg bing nhé mot. Do 2 bang
nhd c6 d§ dai nhu nhau nén dung bang nao trude cling dugc . 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 dugc goi 1a bai toan cit n doan st tir 2 thanh sit c6 cung do dai L
sao cho s lwgng doan sit cit ra 1a nhiéu nhat (Chat sit - Cutting problem).
Chirng minh |OPT(I) - H(I)|<1
- Pit k = H(I) 14 nghiém cua thuét toan Heurtstic = k 1a sé luong chuong trinh duoc

luu trit trén 2 bang nhé theo cach sip dat cua thuat toan xap xi trén.
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- Goi p 1a s6 lugng chuong trinh dugc ghi trén 1 bang nhd c6 do dai bang 2 bang noi

trén

p
Nhu viy k<OPT(D<pva > d, <2L (1)

i=1

Ta chimg minh [OPT(I)- H(I)| <1< OPT(I)-k <1< OPT(I)<k+1 (2)
Theo (1) thi chi cAn ching minh p<k+1 1a da vi khi d6 OPT(I) < p <k+1.

Chimg minh bang phdan chime:

k+2 p
Gia st p>kt+l < p2kt2< Y d, <> d, <2L (3).

i=1 i=1
Goi m 1a s lugng chuong trinh duoc ghi trén mot bing theo thuit toan xap xi trén.
Khido: >d+d,,>L=>d+d >L (4)

i=1 i=1

k k
Tuong ty trénbangnh62: > d, +d,, >L= > d, +d,,>L (5)

i=m+1 i=m+1

Tu (4),(5) taco : fd,. > 2L = mau thuan v6i (3) = p <k +1 (dpcm).
P
Do phiee tap thoi gian cua thudt todn:

Thoi gian xir Iy cta thuat toan xp xi trén 13 O(nlogyn) (chu yéu 1 phéan sap
xép cac chuong trinh theo thtr tr cia do dai). Trong khi thuét ton chinh xac phai cn
c6 thoi gian ham mii, ma hi€u qua 1a 2 nghiém chi chénh nhau c6 1. Néu nhitng bai
toan duoc giai t6t nhu vi du trén thi ding giai phdp - xap xi tuyét ddi. Nhung
khong phai khi nao ciing suén sé nhu vdy vi cac thuat toan &- xdp xi tuyét ddi tim
duoc khong nhiéu.

Hién nay phan 16n cac bai toan NP- ddy du thi viéc tim thuat toan - xap xi
tuyét dbi cho ching ciing lai 1a NP- diy du. Chiang 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 Thuit toan &-
Xap xi.
1.6.3.Thuit toan & - xap xi
Cho P la bai toan cuc dai hoa.

Goi H 1a thu tuc Heuristic, thuat toan xép xi tim mot nghiém nao dé cho P.
Ki hiéu OPT(I) 1a nghiém tdi uu ctia bai toan P ddi véi thé hién I (Instance).

H(I) 14 nghiém gan dtng cua P do H tim ra.
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Thu tuc Heuristic H duoc goi 1a thuat toan & - xap xi khi va chi khi:
OPT(I)- H(I)
OPT(I)

<¢ cho VI

Vi du 12: Bai todn xép balé gid tri nguyén (Interger - Valued Knapsack)
Input: Mot ba 16 co thé tich B, n d6 vat co thé tich: a,, a,,...a, ,
gia trj twong Umg cla cac do vat 1a: py, pa,...Pn

Sd luong moéi loai dd vat 1a khong han ché, x; nguyén la ) luong loai dd vat

n n
Ouput: Tim nhom @6 vat thod man Zaixi <Bva Z p;x; dat max ?.
i=1 i=1

Tom tit: > x,p, — Max véi D xa, < B,x, e Z0<x,<b,. O day b, < {ﬁ} , diéu nay
w

i=1 i=1 i

\ 1R A | B , v A A aX Al s o 2 . r A 1s
1a hién nhién vi {—} chinh 1a s6 nguyén d6 vat c6 cung thé tich a; c6 thé nhét duoc
w.

vao ba 16.

Truong hop b=1 Vi thi vin dé trén goi 1a bai toan xép bald 0-1, tirc 1a chi dugc xép
nhiéu nhat 13 1 @b vat vao bald (0-1 Knapsack)

Bai toan nay da dugc chimg minh 1a NP- day da. Vi vay viéc tim thuat toan da thirc
cho n6 1a rét it hi vong. Nguoi ta da thir tim thudt toan x4p xi tuyét ddi (nhanh) cho néd
nhung cling khong thanh cong vi viéc tim mot thuat toan nhu vy ciing lai 1a NP- kho.
Sau ddy la thudt todn 1/2 - xdp xi cho bai todn xép balé tri nguyén:

Procedure XAPXI12;

Begin
1) sap xép ti sd p/a; , i=1,2,..,n theo thr ti giam dan;
2) T:=0;
for i:=1 ton do
begin
xi:=[(B-T)/aj];
T:=T+x;a;;
End;
End.
Chiing minh:
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re o Xe 1A A , B B
- V&1 moi thé hién [ ta c6 OPT(1) < p,.— va pl.[—}SH(I)

a, a,

Mt khac B— F}zl < g (vi néu nguoc lai thi din dén vé 1)

a,
o] 7el2]
Bl g ol B
Khids OPTO-HW) _ HI _ |a]_ a, :é:l,
OPT(I) OPT(I) B B B 2
a,

Do phure tap thoi gian cua thudt toan:

Thoi gian xtr 1y thuat toan x4p xi trén chi 13 O(nlogn) (chu yéu 1a phan sap xép ti s6
pi/a;), trong khi néu dung thuat toan chinh xac phai can thoi gian ham mdi.

Ngoai bai toan xép bald (Knapsack) trén, hién nay ngudi ta da tim duoc thudt toan & -
xép xi cho nhiéu bai toan khac, dic biét trong cac van dé lap lich.

Tuy vy voi nhiu bai toan NP- ddy du thi viéc tim thuit todn &- xdp xi cho ching
cling lai 1a NP- ddy do. Ching han nhu bai toan Traveling Salesman Problem(TSP),

bai toan quy hoach nguyén (Integer programming)..
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CHUONG 2
CAC THUAT TOAN SAP XEP
2.1. Bai toan sip xép
2.1.1. Tam quan trong cua bai toan sap xép
Sap xép mot danh sach cac dbi tugng theo mot thir ty nao d6 13 mot bai toan thudng
dugc van dung trong cac irng dung tin hoc, va 1a mot yéu cau khong thé thiéu trong
khi thiét ké cac phan mém.
2.1.2. Sip xép trong va sip xép ngoai
- Sép xép trong 1a sy sip xép dit liéu duoc t6 chirc trong bd nhé trong ctia may tinh, &
d6 ta co thé str dung kha ning truy nhip ngau nhién cta bd nhd va do vay su thuc
hién rat nhanh.
- Sap xép ngoai : Str dung khi luong dit liéu can sap xép 16n khong thé luu trit trong
bd nhd trong ma phai luu trir trong cac tip tin trén bd nhd ngoai= Chi co thé truy
nhap tuan tu, doc tung phﬁn tir mot vao bo nho trong.
2.1.3. T6 chirc dir liéu va ngdn ngir cai dat
- Céc d6i tugng can dugc sap xép 1a cac ban ghi gdm mot hay nhiéu truong, mot trong
cac duoc goi la truong khoa(Key), kiéu cua né 1a mot kiéu c6 thr tu nao dé. Vi du:sd
nguyén, sb thuec. ..
- Danh sach cac d6i tuong can sap xép s& 1a mot mang cua cac ban ghi néi trén. Muc
dich cua viéc sap xép 13 to chtrc lai cac ban ghi sao cho cac khoa cuia ching duoc sip
thir tw trong tmg véi quy luat sip xép.
- Pé trinh bay ta sir dung khai bao sau:
const N=100;
type
Keytype=Integer;
Othertype=real;
Recordtype=Record
Key:Keytype;
OtherField: Othertype;
End;
Var a:array[1..N] of Recordtype;
Procedure SWAP(var x,y:Recordtype);
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Var Temp: Recordtype;
Begin
Temp:=x; x:=y; y:=Temp;

End;
- Ta thdy tht tuc SWAP ldy O(1) thoi gian vi chi thire hién 3 1énh gan ndi tiép nhau.
- Day dich phai théa man a; .key<a, .key<...<a,.key hodc nguoc lai.
2.1.4. Thuit toan sap xép
- Thuat toan sép Xép goi la 6n dinh néu nd khong ddo 10n trat tu ban dau cua cac khoa
cung gia tri: néu ai=a; , 1.
- Cac thuat toan sap xép trong can dam bao:

+ Chi str dung bg nh¢ trong
+ C6 hiéu qua, tiét kiém bd nhé va thoi gian.

- Hai phép toan co so khi thuc hién sap xép 14 so sanh va doi chd.
- Thoi gian thuc hién thuat giai s& do bang tong sé 1an thuc hién phép so sanh cong
v6i s6 1an thuc hién phép dbi chd.
2.2. Céac phwong phap sip xép don gian
2.2.1. Sip xép chon (Selection Sort)

Pay 1a phuong phap don gian nhét duoc tién hanh nhu sau:
a)Giai thuat:
- Pau tién chon phan tir c6 khéa nho nhét trong n phan tir a[1] d&én a[n] va hoan vi né
v6i phan tir a[1].
- Chon phan tir ¢6 khoa nho nhét trong n-1 phan tir tir a[2] d&én a[n] roi hoan vi nd voi
a[2]...
- O budc i, chon phan tir ¢6 khoa nho nhit trong n-i+1 phan tir tir a[i] dén a[n] roi
hoan vi n6 voi a[i].

- Sau n-1 budc thi mang da duoc sap.

*Vidu: Bandau: 5 6 2 2 10 12 9 10 9 3
Buécl: 216 5 2 10 12 9 10 9 3
Buéc2: 2 2|5 6 10 12 9 10 9 3
Bu6c3: 2 2 3|16 10 12 9 10 9 5
Buéc4: 2 2 3 5| 10 12 9 10 9 6
Buéecs5: 2 2 3 5 6| 12 9 10 9 10
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Budc6: 2 2 3 9] 12 10 9 10

0 mon
5 6
Bu6c7: 2 2 3 5 6 9 9|10 12 10
Buéc8: 2 2 3 5 6 9 9 10]12 10
Kétqua:Buéc9: 2 2 3 5 6 9 9 10 10|12
b)Chuong trinh:
Procedure SelectionSort;
Var i,j,k:Integer; min:Real;
Begin
1.for i:=1 to n-1 do
Begin
2. k=1 ; min:=a[1];
3. for j:=i+1 ton do

4. If a[j]<min then {duyét cic phan tir 2 —>n )

Begin
5. min:=a[j];  {phan tir nhé nhdt tirj —n }
6. ki=j; {vi tri phan tir nhé nhat}
End;
7. Swap(a[il,a[k]); {Péi ché phan tir nhé nhdt tim dwege véi afi]}
End;
End;

c¢)Panh gia : Cac 1énh gan 1ay O(1) thoi gian, Swap ~ O(1), vong lap for 4 thyc hién n-
ilan (j chay i+1 — n) mdi lan ldy O(1)= Lay O(n-i) thoi gian

= Thoi gian tinh toan 1a T(n)= i(n —i)= @ ~ O(nz)

pa

2.2.2. Sip xép chén (InsertionSort)
a)Gidi thuat:
Y tuéng : Ly dan ting phan tir tir ddy ngudn, chén vao day dich sao cho dam bao day
dich c6 tht ty . Xem phan ttr a[1] 1a mot diy da co thir tu.
- Budc 1: Chén phan tir a[2] vao danh sach di co thi ty a[1] sao cho a[1], a[2] 1a mot
danh sach co thu tu .
- Budc 2: Chén phan tir a[3] vao danh sach da c6 thir ty a[1], a[2] sao cho a[1], a[2],
a[3] 1a mot danh sach co tha tu ...
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- Budc i: Chen phan tir a[i+1] vao danh sach da cé thu tu a[l], a[2],..,a[1] sao cho

a[1],a[2],..,a[i*+1] 1a mot danh sach c6 thir tu .

Phan tir dang xét a[j] s& dugc chén vao vi tri thich hop trong danh sach cac phan tir da
duoc sip trude d6 a[1], a[2]....a[j-1] bang cach so sanh a[j] voi a[j-1] ding ngay trudc
n6. Néu a[j] < a[j-1] thi doi chd a[j] véi a[j-1] va tiép tuc so sanh a[j-1] véi a[j-2] ...

Lip cho dén khi hét ddy i=n. Mang dugc sip xép xong.

*Vi du:
Bandau: 5 6 2 2 10 12 9 10 9 3
Buécl: 5 6
Budc2: 2 5 6
Buoc3: 2 2 5 6
Buéc4: 2 2 5 6 10
Bu6c5: 2 2 5 6 10 12
2 2

Budéc 6: 56 9 10 12
Buéc7: 2 2 5 6 9 10 10 12
Bu6c8 2 2 56 9 9 10 10 12
Buéc9: 2 23 56 9 9 10 10 12 (Kétqua)
b)Chuong trinh:
Procedure InsertionSort;
Var i,j:Integer;
Begin
1.For 1:=2 ton do
Begin
2. =1
3. While (>1) and (a[j]<a[j-1]) do
Begin
4.Swap (a[jl.al[j-11);
5.j:=-1;
End;
End;
End;
¢)Panh gia: - Cac 1énh (4), (5) déu lay O(1).
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- Vong 1ap (3) chay nhi€u nhat i-1 lan, moéi lan ton O(1)=(3) lay i-1

thoi gian.

- Lénh (2), (3) nbi tiép nhau, 1énh (2) 14y O(1)= Ca 2 1énh ly i-1

- Vong lap (1) ¢6 i chay tir 2—>n= néu goi T(n) 1 thoi gian dé sip n

phin tirss 7(n)= i(i_1)=@ <o)

i

2.2.3. Sip xép ndi bot(Bubble Sort)
a) Giai thuat: Coi cac ban ghi dugc luu trong mot mang doc. Qua qua trinh sip, ban
ghi nao c¢6 khoa “nhe” hon s& ndi 1én trén. Duyét toan mang, tir dudi 1én trén. Néu 2
phan tir & canh nhau ma khéng dung thtr tu tirc 13 phan tr “nhe hon” ¢ duéi thi phai
cho n6 “ndi 1én” bang cach ddi chd 2 phan tir nay cho nhau. Cu thé:
+ Budc 1: Xét cac phan tir tir a[n] dén a[2], voi mdi phan tir a[j] so sanh khoa cua nd
v6i khoa ciia phan tir a[j-1] dimg ngay trudc nd. Néu khoa cua a[j] nho hon khoa cua
a[j-1] thi d6i chd cua a[j] va a[j-1].
+ Budc 2: Xét cac phan tir tir a[n] dén a[3], 1am twong tu
+ Budc i: Xét cac phan tir tir a[n] dén a[i+1]...

Sau n budc ta duoc mang da sip thi tu.

b)Vi du:
Ban ddu Budc1  Budc 2 Budce 3 Budce 4

5 2 2 2 2
6 5 2 2 2
2 6 5 3 3
2 2 6 5 5
10 3 3 6 6
12 10 9 9 9
9 12 10 9 9
10 9 12 10 10
9 10 9 12 10
3 9 10 10 12

¢)Chuong trinh:

Procedure BubbleSort;
Var 1i,j: Integer;
Begin
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{1} Fori:=I ton-1 do

{2} For j:=n downto i+1 do
{3} ifa[j]<a[j-1] then
{4} Swap(a[jl.a[j-1]);
End;
d)Panh gia:
- Lénh {1} t6n O(1) = O(n-i)
- Lap {2} thyc hién (n-i) lan

= {1} thyc hién (n-1) lan= T(n)= ’i(n —i)= n(nz—l) = O(nz)

1

2.3. Séip xép nhanh QUICK SORT (phdn doan Partition Sort):
{do A.R Hoare phat minh nam 1960}
2.3.1. Y tudng
Xét mang A cac ban ghi a[1],..,a[n].
- Chon mét trong cac thanh phan ciia mang 1am chét (Pivot). Phan hoach mang thanh
2 phan bing cach chuyén tit ca cac thanh phan c6 khoa > chdt sang phai chét, cac
thanh phan c6 khoa < chdt sang trai chdt=>Két qua ctia phan hoach, chét dimg & vi tri
k va moi thanh phan ctia mang con bén trai chot A[1..k-1] c¢6 khoa < chét, moi thanh
phan ctia mang con bén phai chét A[k+1..n] c6 khoa > chét.
- Sép xép doc 1ap 2 mang con A[l,.k-1], A[k+1,...n] bang cach goi dé quy thuat toan
trén.
2.3.2. Thiét ké giai thuat
Procedure Quicksort( 1,j:Integer);
Var k:Integer;
Begin
If 1<j then
Begin
Partition(1,},k); {phdn hoach 2 mang con Afi,...k-1] va A[k+1,..,j]}
Quicksort(i,k-1);
Quicksort(k+1,j);
End;
End;
Xdy dung thu tuc Partition:
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- Vén dé chon chdt: Néu chon duogc phén ttr 1am chét sao cho két qua phan hoach nhan

dugc 2 mang con can bang la tot nhung s€ ti€u ton nhi€u thoi gian khong can

thiét= Thuong chon phan tir dau tién ctia mang lam chdt, trc 13 14y p=A[1] 1am chét.

- Vén d& phéan hoach: Str dung 2 bién :
+ Bién L chay tir trai sang phai bat dau tir i.

+ Bién R chay tir phai sang trai bat dau tir j+1.

Bién L dugc tang cho t6i khi A[L]> p, con bién R duoc giam cho téi khi A[R]<p.

Néu L<R thi d6i chd A[L] va A[R]
Lip lai qua trinh trén cho dén khi L>R.
Cudi cung d6i chd A[i] va A[R] dé dat chbt vao dung vi tri.
Procedure PARTITION ( 1,j:Integer; var R:Real);
Var L:Integer;
P: kiéu phan tir mang;
Begin
P:=A[i]; L:=1; R:=j+1;
Repeat L:=L+1 until (A[L] > p) or (L >));
Repeat R:=R-1 until A[R]<p;
While L <R do
Begin
Swap(A[L],A[R]);
Repeat L:=L+1 until A[L] > p;
Repeat R:=R-1 until A[R]<p;
End;
SWAP(A[i],A[R));
End;
Vi du : Phan hoach mang céc sd nguyén A[1..8] nhu sau:
1 2 3 4 5 6 7 8
10154 (11| 6 | 3|5 14
Lay chot p=A[1]=10, L=1, R=9
Tang L:=L+1, gidam R:=R-1 cho t&1 khi A[L] >10 va A[R]< 10

—Ta c6 L=2 va R=7. Vi L <R = Ddi chd A[2] cho A[7] ta dugc.

1 2 3 4 5 6 7 8
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10| 5|4 |11]6 |3 15| 14

! !
Tiép tuc ting L va giam R cho t6i khi A[L] >10 va A[R]< 10.
= Ta cb6 L=4 va R=6. Vi L <R =Ddi chd A[4], A[6] ,ta duoc :
1 2 3 4 5 6 7 8

105 |4 (3 |6 |11 15|14

LI

L R
Tiép tuc tang L, gidm R cho t&1 khi A[L] >10 va A[R]<10
—Ta c6 L=6 va R=5 . Vi L>R, d6i chd A[1] va A[5]

Pit chdt p=A[1] vao vi tri R=5 , ta dugc:
1 2 3 4 5 6 7 8

6 |5 |4 |3 [10][11][15] 14

U

R L
Nhu vay mang A[1..8] dugc phan hoach thanh 2 mang con A[1..R-1] va A[R+1..8]
tirc A[1..4] va A[6..8]. Sau d6 tiép tuc QUICKSORT 2 mang con trén ta s& duoc mang
da sip xép.
2.3.3. Danh gia d¢ phirc tap
- Thoi gian thyc hién thi tuc Partition 14 thoi gian di qua mang(hai bién L,R chay tir 2
dau cho t6i khi chung gip nhau) va so sanh khoa ctia mdi thanh phan mang véi khoa
ctia chét. Do d6 dé phan hoach mang n phan tir ta can thoi gian O(n)=P(n)
- Goi T(n) 1a thoi gian thue hién Quicksort thi T(n) phai 14 tong cta P(n) va thoi gian
dé qui Quicksort cho 2 mang, con trong trudng hop x4u nhat 1a chon phai phan tir co
khoa 16n nhat 1am chdt = Viéc phan hoach bi 1éch, tirc 1a mang bén phai chi gom mot

phan tir chdt, con mang bén trai gdm n-1 phan tir con lai. Khi d6 ta c6 thé thanh 1ap

phuong trinh d¢ qui :
1 néu n=1 1 néun=1
T(n)= { < T(n)= {
O(n)+T(n-1) +T(1) néun>1 T(n-1)+T(1)+n néu n>1
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Giai phuong trinh dé qui nay bang phuong phap truy hoi:

Taco: T(n)=T(n—1)+T1)+n=T(n—-1)+(n+1)

=[T(n-2)+T(1)+n—-1]+n+1
:T(n—2)+n+(n+l)

= [T(n—3)+T(l)+(n—2)]+n+(n+1)
=T(n=3)+(n—1)+n+(n+1)
m}.('n—i)+(n—i+2)+(n—i+3)+...+n+(n+1)
T n+l

= (n—i)+ Zj

Jj=n—i+2

Qua trinh trén két thac khi i=n-1, khi d6 ta c6:

T(n):T(1)+jZ:;j:1+ (n—1)§n+4) _ n’ +;n—2 _ O(n2)
Trudng hop tot nhét khi chon chdt sao cho 2 méang con cé kich thudc can bang.
= Phuong trinh d¢ quy: 1 néu n=1
T(n)=
2T(n/2) + n néun>1
Giai phuong trinh d¢ quy trén ta dugc T(n) = O(nlogn).
Nhu vay trong truong hgp trung binh T(n)=O(nlogn) = Kh4 hon céac giai thuat trudc.
2.4. Sip xép Kkiéu vun dong (Heapsort)
2.4.1. Pinh nghia HEAP
HEAP 12 mét cay nhi phan ddy di trai ma mdi nit duoc gan mot gia tri khoa sao cho
gia tri khoa & nut cha bao gio ciing nho hon hodc bang gia tri khoa ¢ 2 nat con. Do d6
trong HEAP ta co :
- Nut gdc c6 khoa bé nhat
- Day khéa nhéan dugc khi di theo mot duong bat ki 1a ddy cé thi ty ting dan
Nguoi ta con goi HEAP 13 cdy nhi phin c6 tht ty bd phan, HEAP - tiéng Anh co
nghia 1a “d6ng”. C6 thé minh hoa HEAP bang hinh anh “vun déng” mot dong dat da

chang han, nhitng cuc nho nhe s€ nam trén, nhitng cuc nang hon s€ & dudi.

Vi du: Mot HEAP

3 @
& o O 7
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Céu trac mang thich hop dé biéu dién ciy nhi phan kiéu HEAP vi HEAP 1a cay nhi
phan day du trai. Khi d6 ta n6i mang thoa mén diéu kién HEAP néu mang biéu dién
cay nhi phan la HEAP.

Vi du : Mang biéu dién cay trén

10 [ 15]12 54|17 |91

- Nhu vay véi “déng”: néu j chi vao vi tri cia nat con thi [j/2] chi vao vi tri ctia nat
cha, hay con cua nut 1 1a cac nit thir 21 ( con trai) va 2i+1( con phai).
- Nt ing voi chi s6 [n/2] tré xudng méi c6 thé 1a cha cua cac nut khac.
Vidu:n=10=cécnit 5, 4, 3,2, | méi c6 thé 1 cha.
2.4.2. Sip xép kiéu vun déng
Dugc chia thanh 2 giai doan:
Giai doan I : Tao déng
Tir cay nhi phan d3 cho ta bién d6i dé né tré thanh mot “déng”.
Giai doan 2 : Sap xép.
Nhiéu luot xir 1y duoc thuc hién, mdi lugt g véi hai phép:
- Pua khoa nho nhét vé vi tri thyc ctia nd bang cach doi chd A[1] va A[n].
- “Vun lai thanh déng” dbi v6i cdy gdm céc khoa con lai (sau khi loai khéa nho nhét
ra ngoai)
*Vidu: V6i day khoa 42 23 74 11 65 58 94 36 99 87

thi cdu tric ban dau 1a cdy c6 dang:

O
O

@ Tao déng

(=) () (@) @O
\
ofolo O E

b L5
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Doi chd Vé ,sau d6 nut tng v4i vi tri cudi cung bi loai khoi cay.
Vun dong méi véi \
céc nit con lai ‘: @ i
:' 1 )

\ /
~ -

Diy duoc sip S=(11)

Dbi chd @ voi

S=(23,11)

Thiét ké gidi thudt:

Van d& can giai quyét truée hét 13: Bién doi mang ban dau A[1..n] thanh mang biéu
dién cay tht tu bo phan(“vun déng”) nhu thé ndo. Ta ¢ nhan xét rang: v6i i>n div 2
thi diéu kién “ddng” xem nhu théa man vi 2i va 2i+1 >n. Nhu vdy néu ta chi xét i chay
tir n div 2 giam xudng 1, ddy A[i] xudng vi tri thich hop trong mang A[1..n] thi cudi
cung s€ nhan dugc A[1..n] thoa man diéu kién “vun déng”.
= Xay dung thu tuc Pushdown(a,b) thuc hién viéc déy Ala] xuéng vi tri thich hop
trong mang A[a..b] dé thoa man diéu kién “déng” voi Vixa.
+Thii tuc Pushdown: Céc phan tir thuoc nira sau ciia mang khong c6 con=> khong

pham diéu kién HEAP = Chi can xét tir gifta mang trd vé trude.
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Procedure PUSHDOWN(a,b:Integer);

Var 1i.j: integer, {lvu vi tri cua nut cha, con}
OK: Boolean; {danh ddu nhitng nit théa man diéu kién HEAP }
Begin

1:=a; OK:=False;
1. While (i< b div 2) and not OK do
{ chi xét cdc niit ¢é con va chua théa mén diéu kién dong)
Begin
2. If i=b div 2 then j:=2*i { chi c6 con trdi}
else if A[2*1]<A[2*i+1] then j:=2%*i
else j:= 2*i+1 {néu cé con trdi<con phdi thi so sanh con
trai voi cha,nguoc lai thi so sanh con phai voi cha)
3. If A[i]>A[j] then
Begin { néu con <cha thi doi ché con véi cha)
Swap(A[iLAL]) ;
1:=; {ddy xudng xét tiép)
End;
Else OK:=True;
End;
End;
*Sir dung Pushdown trong thii tuc HEAPSORT. Két qua dugc mang A[l...n] sap
xép giam dan.
Procedure HEAPSORT;
Var 1: integer;
Begin
1) for i:=n div 2 downto 1 do PUSHDOWN(i,n); { bién doi mang A[1..n] thanh
mang HEAP}

2) for i:=n downto 2 do

Begin
Swap (A[1],A[1]); { doi chggéc xuéng duoi cung)
PUSHDOWN(1,i-1); {vun lai thanh dong cdc phan tir con lai)
End;
End;
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2.4.3. D¢ phirc tap tinh toan

- Thoi gian thyce hién Pushdown
+ Than cua vong lip (1) 1a cac 1énh (2) va (3), mdi 1énh can O(1)= Than (1) can
o(1).

+ Sau mdi 1an 13p, bién i ting it nhat 2 1an, gia tri ban dau cua i 1a a= goi k 14 s6 1an
lap => a2 <b=k< log(éj = thoi gian thuc hién Pushdown(a,b) 1a O(log(b/a))
a

- Thoi gian thyc hién Heapsort
+ Vong (1) lap g lan, mdi 14n goi Pushdown can nhiéu nhat 13 O(logn)=>thoi

gian thyc hi¢n (1) 1a O(nlogn);

+ Vong (2) lip n-1 14n, mdi 1an ldp can thuc hién Swap va goi Pushdown= Can
nhiéu nhat O(logn)=> Thoi gian thuc hién (2) nhidu nhat O(nlogn)= Thoi gian thuc
hién Heapsort 1a téng hai vong lap For= O(nlogn).

2.5. Sap xép hoa nhap (Merge Sort)
2.5.1. Y twdng: Xuét phat tir chd cac phwong phap sap xép da xét thuong duoc 1am
voi cac file dit liéu khong 16n. Véi céc file 16n nguoi ta thuong phan ra thanh cac file
nho hon dé sir dung céc thuat toan trén. Nhu vay két qua s& c6 nhiéu phan tir duoc sap
xép theo cting mot thir ty. Thuét toan Merge s& hoa nhap cac file nay thanh mot file
c6 @6 dai nhu file ban dau, bang cach tién hanh timg 2 file mot, két qua hoa tiép véi
file thir 3 va tiép tuc nhu vay dén hét.

Gia st ¢6 2 diy X={x,,X,,...x,} dd sdp xép ting

diy Y={y1,y2....ys} da sip xép ting

Thue hién hoa nhip X va Y sao cho van thoa min diéu kién (ting dan)

- So sanh giita 2 khoa nho nhét cta 2 diy X va Y, chon khoa nhé hon dua vao diy
moi Z, dong thoi loai bo nd khoi diy ban dau.

- Qua trinh so sanh 1ap lai cho dén khi 1 trong 2 dady X va Y can. Phan con lai cta day
kia xép ndt vao phan sau cua diy Z.

*Vidu:  X={15,20, 50,76}

Y={8, 17,92}
+Bude 1: Z={8}, X={15,20, 50, 76}
Y={ 17,92}

+Bude 2: Z={8,15}, X={ 20, 50, 76}
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Y={17,92}
+Bude 3: Z={8,15,17} , X={20, 50, 76}
Y={92}
+Bude 4: Z=1{8,15,17,20}, X={50, 76}
Y={92}
+Bude 5: Z=1{8,15,17,20,50} , X={76}
Y={92}

+Budc 6: Z={8,15,17,20,50,76} ....
2.5.2. Thiét ké giai thuat
a) Thi tuc MERGE dé hoa nhdap 2 diy khoa di sip xép X={X1,X2,....Xm),
Y={y1,¥2,....yn}, Z 12 ddy két qua c6 do dai khong 16n hon n+m.
Procedure MERGE (X,Y,Z,m,n);
Var 1i,.k : integer;
Begin
=1;j5=1;k=1;
While (i<m) and (j<n) do
begin
If X[1]<Y[j] then
Begin
Z[k]:== X[i];
1:=1t1;
End
else
Begin
Z[k]=Y[jl;
j=itl
End;
k:=k+1;
end;
If >m then
Begin { hét day X,noi phan con lai cua diy Y vio Z}
Z[k]=Y[j];
For q:=1 to n-j do Z[k+q]:=Y[j+q];
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End;
Else
Begin { hét day Y,noi phan con lai cia diy X vao Z)
Z[k]=X[1];
For q:=1 to m-i do Z[k+q]:=X[j+q];
End;

End;
b) Thu tuc MERGESORT:
A la diy khoa, B 1a day chira két qua da sap xép, p, q tvong ing 1a hai chi s6 dau va
cudi cia diy A.
Procedure MERGESORT (A,B,p,q);
Var t: integer;
Begin
If p<q then
Begin
t:= [(p+q)/2];
MERGESORT (A,By,p.t);
MERGESORT (A,B,,t+1,q);
MERGE (B,,B,,B,t-p+1,g-t);
End;
End;
* Vi du: Sép Xép danh sach A gém 8 phﬁn tr 7,4,8,9,3,1,6, 2.

Mergesort nhu sau:

74893166

/\3=162
N

VAN N A
NV AV VAR




Gido trinh Ly thuyét thudt todn-B6 mén Khoa hoc may tinh-2010

4 7 8 9 1 3 2 6

S~ e

4 7 8 9 1 236

\ /

123 4 6 7 8 9

2.5.3. Panh gia d phirc tap: O(nlogn) (Pd ddnh gia ¢ phan truéc).
2.6. CAu triic dir liéu va giai thuat xir Iy ngoai
2.6.1. M6 hinh xir ly ngoai

Khi s6 luong dit liéu vuot qua kha nang luu trit ctia bd nhé trong (xtr 1y phiéu
diéu tra dan sb toan qudc, quan 1y dat dai..), ta phai dung bd nhd ngoai dé luu trit va
xtr Iy. Cac thiét bi Iuu trit ngoai nhu bang tir, dia tir déu c¢6 kha nang luu trit 16n nhung
dic diém truy nhip hoan toan khac bd nhé trong. Do d6, phai im CTDL&GT thich
hop cho viéc xur Iy dir li¢u luu trir trén bd nhd ngoai.
- Kiéu dir lidu tap tin 1a kiéu thich hop nhét cho viéc biéu dién dir liéu dugc luu trén
bd nhé ngoai. Hé diéu hanh chia bd nhd ngoai thanh cac khéi (block) co kich thudce
bang nhau (tir 512 bytes dén 4096 bytes).
- Trong qué trinh xir Iy viéc chuyén giao dit liéu giira bd nhd trong va bd nhd ngoai
dugc tién hanh thong qua ving nhé dém (buffer). Bo dém 13 mot ving danh riéng cho
b6 nhé trong c6 kich thude bang kich thude mot khdi ciia bd nhé ngoai.
- C6 thé xem 1 tép tin bao gdm nhiéu mau tin dugc luu trong cac khéi. Mbi khéi luu
mot s6 nguyén ven cic mau tin.
- Trong thao tac doc, nguyén mot khdi cua tap tin duogc chuyén vao trong bd dém, lan
luot doc cac mau tin ¢6 trong bo dém cho t61 khi bo dém r6ng thi lai chuyén mot khdi
tor bo nhé ngoai vao bo dém.
- Pé ghi thong tin ra bd nhé ngoai, cac mau tin duoc xép vao bo dém cho dén khi day
b dém thi mot khdi duoc chuyén ra bd nhd ngoai, khi b dém rong thi xép tiép cac
mAu tin vao.

=Pon vi giao ti€p gitta bd nhd trong va bd dém la mau tin, con gitta bd dém va bd

nhé ngodi 1a khéi. >

B6 nhé Ghi(mau tin) Ghi(khbi) B5
trong  |q " Bo dém [ " nhé
Poc(mbi lan 1 . Poc(mbi lan 1 ngoai
mAu tin) 1i(khoi) khdi)

a4
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Hinh: Mé hinh giao tiép giita b6 nhé trong, bé nhé ngodi va ving nhé dém

2.6.2. Danh gia cac giai thuat xir ly ngoai
- Péi voi bd nhd ngoai, thoi gian tim mot khdi dé doc vao bd nhd trong la rat 16m so
v6i thoi gian thao tac trén dir liéu trong khbi do.

Vi du: Gia st mot khéi lwu 1000 sé nguyén duoc luu trén dia quay véi van toc
1000 v/phut thi thoi gian dé dua dau tir vao ranh chira khdi va quay dia dé dua khi
dén chd dau tir hét khoang 100 miligidy. Véi thoi gian ndy may co thé thyuc hién
100000 1énh, du dé sap xép cac sd nguyén nay theo giai thuat Quicksort= Khi danh
gia cac giai thuat thao tac trén bd nhd ngoai, ta tap trung vao vi¢e xét sb 1an doc khoi
vao bo nhd trong va sb lan ghi khdi ra bo nhd ngoai goi 1a phép truy xuét khdi (block
access). Vi kich thudc cac khéi 1a c¢b dinh nén ta khong thé tim cach ting kich thudc
mot khdi ma phai tim cach giam sb 1an truy xudt khéi.

2.6.3. Sip xép ngoai - MergeSorting

Sap xép dir liéu duoc to chitc nhu mat tip tin hodc tong quat hon, sip xép dir licu
duoc luu trén bd nhd ngoai goi 1a sip xép ngoai.
a)Khdai niem duong
- Puong do dai k 13 mot tap hop k mau tin dugc sap thtr tir theo khoa tirc 1a néu cac
mau tin 1y, .., r 1an luot c¢6 khoéa 13 ki, k.., ke tao thanh mot duong thi
k <k, <..<k,.
- Cho tap tin chura cac mau tin 1y, ra,.., Iy, ta nOi tap tin dugc td chic thanh duong cod
d6 dai k néu ta chia tap tin thanh cac doan k mau tin lién tiép va mdi doan 13 mot
duong, doan cudi co thé khong du k mau tin, ta goi doan nay 1a dudi (tail).
*Vi dy : Tap tin gdm 14 mau tin c¢6 khoa 13 cac sé nguyén dugc t6 chire thanh 4 duong

d6 dai 3 va 1 dudi do dai 2 :

51619 1158 23 125
G [13]2e 7]t =]

bé sép tap tin F con mau tin ta su dung 4 tap tin Fy, F,, Gy, G,.

- Phan phéi cac mau tin cua tap tin da cho F ludn phién vao 2 tap tin F;, F,. Nhu vay 2
tap tin nay duogc xem nhu t6 chirc thanh dudng do dai 1.

+ Budce 1 : Boc 2 duong, moi duong c6 do dai 1 tu 2 tap tin F{,F;, va tron 2 duong nay
thanh mét duong c6 do dai 2 va ghi luan phién vao 2 tap tin Gy, G,. Déi vai tro F, cho

Gl, Fz cho Gz.
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+ Bude 2 : Poc 2 duong, moi duong cd do dai 2 tu 2 tap tin Fy, F, va tron hai duong

nay thanh mot duong c6 d6 dai 4 va ghi luan phién vao 2 tap tin Gy, G, . Pdi vai tro
cua F, cho Gy, F, cho G,.
Qua trinh trén tiép tuc va sau i budc thi 46 dai mot duong 1a 2. Néu 2' > n thi

giai thuat két thuc, ltc d6 tap tin G, rdng va G, chira cac mau tin da duoc sap.
¢)Do phirc tap tinh todan

Giai thuat két thuc sau i bude véi i> logn. Mdi budc phai doc tir 2 tap tin va ghi vao
2 tap tin, mdi tap tin co trung binh n/2 mau tin. Gia sit mdi khdi luu duge b méu tin
thi mdi budc can doc va ghi (2*2*n)/(2*b) = 2n/b khdi, ma cin logn budc = Cén
%log n phép truy nhap khéi (block access).
Vidu : Cho tap tin F ¢6 23 méu tin voi khoa 13 cac s6 nguyén

F:28,31,3,5,93,27, 15, 10, 40, 65, 9, 30, 39, 13, 90, 8, 10, 77, 8, 20, 69, 23

Phén phdi cac mau tin cia F luan phién vao 2 tap tin F,, F, to chic thanh cac duong

dodail:

2813193 |15(40(9139(90|10|8 22|23 |F,

31(5(127|10165({30(13|8|77|20|69 |F,

+Budc 1 : Tron cac duong c6 do dai 1 cua Fy, F, duoc cac duong co6 do dai 2, ghi luan

phién vao 2 tap G, G,

G, |28 31|27 9340 65|13 39|10 77|22 69 |F,

Gy,|3 5|10 15|9 308 90|8 20|23 |F,

+Budc 2 : Ddi vai trd G,cho Fi, G, cho F,. Tron cac duong do dai 2 trong Fy, F, duoc

cac duong do dai 4 ghi luan phién vao Gy, Go.

G 3528 31|19 30 40 658 10 20 77 |F,
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G, 10 15 27 938 13 39 40|22 23 69 |F,

+Budc 3 :

Gy 3 510 15 27 28 31 938 10 20 22 23 69 77 |F,

G, 8 9 13 30 39 40 65 90 | F,

+Budc 4 :

G, 3589 10 13 15 27 28 30 31 39 40 65 90 93 |F,
g8 10 20 22 23 69 77 F,

G,

+Budc 5

35889 10 13 15 20 22 23 27 28 30 31 39 40 65...

Procedure MERGE (K : integer; f},f,,g;,2, : file of Recordtype);

{Tron cac duwong co do dai k trong F,F; thanh cdc dwong co do dai 2k va ghi luan

phién vao 2 tap G;,G,}
Var

Ghitap: Boolean; {néu Ghitdp=True thi ghi vao G,, nguoc lai ghi vio G»}

GhimAu : Integer; {mcfu tin hién hanh nao trong 2 tdp F|,F, sé dwoc ghi ra G; hodc
G,/

Used: array[1..2] of Integer; {ghi s6 mdu tin da dwoc doc trong dwong hién tai ciia
Fy

Fin: array[1..2] of Boolean; {Fin(j)=True néu da doc hét cic mdu tin trong dwong
hién hanh cia F; hodc da dén cudi F; }

Current: array[1..2] of Recordtype; {Current(j) lwu mdu tin hién hanh cia tdp

F[jJ}

Procedure GetRecord(i:Integer);

{ Néu da doc hét cic mau tin trong dwong hién hanh cia f; hodc cuéi f; thi dat

Fin[i]=True néu khéng thi doc mét mau tin cia tdp f; vao Current[i]}
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Begin

Used[1]:=Used[1]+1;
If(Used[i]=k+1) or (i=1) and (eof(f})) or (i=2) and (eof(f,)) then Fin[i]:=True
Else if 1 =1 then Read(f), current[2]);
Else Read(f;, current[2]);
End;
Begin {Khoi tao}
Ghitap:=True; {ghivao tip F;}
Reset(f)); Reset(f,);
Rewrite(g); Rewrite(g;);
While (not eof(f))) or (not eof(f;)) do
{ Bdt dau doc cdc madu tin tir trong 2 dwong hién hanh ciia f1.f>)}
Begin
Used[1]:=0 ; Used[2]:=0;
Fin[1]:=False ; Fin[2]:=False;
Getrecord(1); Getrecord(2);
While ( not fin[1]) or (not fin[2]) do
Begin  { tron 2 duong , chon mau tin sé dwoc ghi }
If Fin[1] then Ghimau:=2
Else if Fin[2] then Ghimau:=1
Else if current[1].Key< current[2].Key then Ghimau:=1
Else Ghimau:=2;
If Ghitap then Write(g;,current(Ghimau))
Else Write(g,,current(Ghimau));
Getrecord(Ghimau);
End;
Ghitap:=Not Ghitap;
End;
End;
2.6.4. Cai tién sap xép tron
- Qua trinh sap xép tron ndi trén bat dau tir cac duong do dai 1 nén sau logn budc giai

thuat méi két thac.
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- Ta c6 thé tiet kiém tho1 gian bang cach chon mot so6 k thich hgp sao cho k mau tin c6

thé du chia trong bo nhé trong. M&i 1an doc vao bd nhd trong k mau tin, ding sap xép
trong (Quicksort,...) dé sip xép k mau tin ndy va ghi luan phién vao 2 tap F,,F, sau do
tién hanh sap xép tron véi cac tap tin dugce t chirc thanh cac dudng d6 dai k.

- Sau i budc thi d6 dai mdi duong 1a k.2' . Giai thuat két thuc khi k.2' > n hay

2nlog(n/k) < 2nlogn

. ; — Tang toc d6 sip xép

i>log(n/k) = Sb phép truy xuat khéi 1a

tron.
*Viduy : Lay tap tin F nhu vi dy 1
Gia st by nhd trong cé thé chira duoc 3 mau tin, doc 1an luot 3 mau tin cta F vao bd

nhé trong, dung mdt sap xép trong dé sap xép va ghi luan phién vao F, va F,.

3 28 31|10 15 40|13 39 908 20 22 |F,

527 9319 30 658 10 77|23 69 |F,

+Budce 1 : Tron cac duong do dai 3 cua Fy va F, dugc cac duong do dai 6, ghi luan
phlél’l vao G], Gz.
G |3 5 27 28 31 938 10 13 39 77 90 | F,

G, |9 10 15 30 40 65|8 20 22 23 69 |F,

+Budc 2 : Poi vai tro F, cho Gy, F, cho Gs, tron 2 duong...

G, |3 59 10 15 27 28 30 31 40 65 93 |F,

G, |8 8 10 13 20 22 23 39 69 77 90 |F,

+Budc 3 :

G, 13588910 10 13...

2.6.5. Tron nhiéu dwong(Multiway Merge)
a) Giai thuat
Dé sap xép tap F c6 n mau tin ta sir dung m tap tin (m chin): F[1], F[2],..., F[m] (néu
m = 4 ta c6 gidi thudt sdp xép tron binh thuong).
Pit h = m/2, gia st bd nhé trong c6 thé chira k mau tin.
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- Khéi dau: Moi lan doc tur tap tin F vao bo nhé trong k mau tin st dung mot sap

xép trong dé sap xép k mau tin ndy thanh dudng rdi ghi luan phién vao cac tap
tin F[1], F[2], ..., F[h].

- Budc 1: Tron cac duong d6 dai k cua h tap tin F[1], F[2],..., F[h] thanh duong
c6 d6 dai k.h ghi luan phién vao h tap tin F[h+1], F[h+2],...F[m]. P6i vai tro
cta F[i] va F[h+i] (1< 1 < h). Sau i budc thi do dai mdi duong 1a k.h' va giai
thuat két thuc khi kh' > n = Tap tin di dugc sip 1a mot duong ghi trong
F[h+1].

b) D0 phtc tap tinh toan

Giai thuat két thic sau i bude, k.h' > n hay i > log,(/k). M&i bude ta phai doc tir h

tap tin va ghi vao h tap tin, trung binh mdi tap tin c6 n/h mau tin.

2.2. ,
"2 i
b b

Gia sir mdi khoi luu duge b mau tin thi mdi budc phéi truy xuat

2nlog, n
Vi can logn(n/k) budc = can 5 phép truy xuét khéi, rd rang log,(n/k) <

log(n/k) va thu tuc Mergesort 1a mot truong hop dac biét khi h = 2.

Vi du: Cho tap tin F nhu vi du trén

Str dung 6 tap tin dé sap xép F. Gia sir bd nhd trong co thé chtra 3 mau tin, doc 1an
lwot 3 mau tin cua F vao b nhd trong, dung mot sip xép trong dé sip xép va ghi

luan phién vao 3 tap tin F[1], F[2], F[3]

F, 3 28 31 9 30 65 8 20 22
F, 5 27 93 13 39 90 23 69
F; 10 15 40 & 10 77

Budc 1: Tron cac duong do dai 3 trong Fy, F,, F5 thanh cac duong d6 dai 9 ghi vao
F4: FS: F6'

F, 3 5 10 15 27 28 31 40 93 F,
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Fs 8 9 10 13 30 39 65 77 90 F,

Fs 8 20 22 23 69 F;

Budc 2: Dbi vai tro F, cho Fy, F, cho Fs, F3 cho Fg . Tron cac duong do dai 9 trong

F,, F», F; thanh dudng do dai 23 ghi vao Fu.

F, |35889 10 10...

Chuong 3

KY THUAT THIET KE THUAT TOAN
Mic du khong ton tai mot phuong phap van ning cé thé giup ta thiét ké dugc thuat
toan giai quyét moi van dé, nhung cac nha nghién ctru di tim ra mot sé phuong phap
thiét ké thuat toan co ban con goi la céc chién lugc thiét ké thuat toan. Do 1a cac
phuong phap: Chia dé tri (Divide — and - Conquer), quy hoach dong (dynamic
programming), k¥ thuat tham an (greedy method), quay lui (backtracking), nhanh va

can (branch — and — bound), tim kiém dia phuong (local search)...

Céc k¥ thuat nay dugc ap dung vao mot 16p rong cac bai toan trong d6 c¢6 nhirng
bai toan ndi tiéng nhu: Bai toan tim dudng di ngan nhét cia ngudi di giao hang, bai
toan vé cac chu trinh... Tuy nhién can luu y ring, cac phuong phap trén chi 1a cac
chién lugce c6 tinh dinh hudng su tim toi thuat todn. Viéc ap dung mdt s6 chién luoc
nao dé dé tim ra thuat toan cho mot bai toan con doi hoi nhiéu sang tao.

3.1. Chia dé tri
3.1.1. Noi dung: Pay 1a k¥ thuat tir trén xubng (top — down), 1a k¥ thuat quan trong

nhat, duoc ap dung rong rdi nhat dé thiét ké cac giai thuat c6 hiéu qua.

Bai toan A (kich thudc n)

/ v \

Ai(Kt<n) A, (Kt <n) A, (Kt <n)

/ \
a b
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Trong do:
- Ay, A,,...1a cac bai toan con cung dang véi bai todn A, kich thudc nhé hon kich
thudc bai toan A.
-a, b,... : Cac bai toan co s& co 101 giai hién nhién thuoc loai d& dang thuc hién.
Tom lai ki thuat chia dé tri gdm 2 qua trinh:
+ Phan tich bai toan da cho thanh cac bai toan co so.
+ Téng hop két qua tir cac bai toan co so dé co 101 giai cho bai toan ban dau.
- D6i v6i mot s6 bai todn, qua trinh phan tich di chira dung viéc tong hop két
qua=>néu ta giai xong cac bai toan co sé thi bai toan ban dau ciing di dugc giai quyét.
Nguoc lai ¢6 nhirng bai toAn ma qua trinh phén tich thi don gian nhung viéc tong hop
két qua lai rt phirc tap.
- K¥ thuat nay s€ cho ta mot gidi thuat d¢ quy ma viéc xac dinh do phuc tap phai giai
mdt phuong trinh dé quy nao do.
Luogc d6 phuong phép chia dé tri:
Procedure DivideConquer(A,x); {7im nghiém x cua bai toan A}
Begin
If A i nho then Solve(A)
Else begin
Phan A thanh cac bai toan con A, A,,...,.An;
For i:=1 to m do DivideConquer(A;x;);
Két hop cac nghiém x; (i =1, 2, ..., m) cua cac bai toan con A; dé
nhan dugc nghiém x cua bai toan A
End;
End;
3.1.2. Mt s bai toan ap dung
a) Giai thuat Mergesort va Quicksort
- V&i Mergesort, ki thuat “Divide and conquer” thé hién ¢ qua trinh chia d6i mot
danh sach, qua trinh nay s& dan dén bai toan sip xép mot danh sach c6 d6 dai bang 1
(bai todn co sé). Viéc tong hop két qua & day 1a “srén” 2 danh sach da sip dé duoc

mot danh sach co thir tu.
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- Vo1 Quicksort, k§ thuat “Divide and conquer” thé hién ¢ qua trinh phan hoach danh

sach thanh 2 danh sach con “bén trdi” va “bén phai”, sap xép “bén trdi” va “bén phai”
dé dugc danh sach c6 thir ty. Qua trinh phan chia dan dén cac bai toan sap xép mot
danh sach chi gdm mét phan tir hodc nhiéu phan tir c6 khoa bang nhau (bai toan co
s0). Vi Quicksort khong phai tong hop két qua vi viéc d6 di thuc hién trong qué trinh
phan hoach.
b) Bai toan nhén cac sé nguyén l6m:
Cho 2 s6 nguyén n chir sd X, Y,
- Theo giai thust nhan 2 chit s§ thong thudng can n” phép nhan va n phép cong =
Tén O(n?) thoi gian.
- Str dung k¥ thuat “Divide and conquer”:
+ Chia mdi s6 nguyén X va Y thanh céac sd nguyén c6 n/2 chit s6
X = A.IOg +B

n

Y=C10?+D
(Vi du X=1234 thi A=12 va B= 34 vi X=12.10>+ 34)
— X.Y=A.C.10"+ (AD + BC).10"*+ BD (1)

trong do6 A, B, C, D 1a cac ) nguyén c6 n/2 chir $0.

+ Vi mdi s6 ¢o n/2 chit sb, tiép tuc phan tich theo cach trén, qua trinh phan tich s&
dan dén mot bai toan co so 1a nhan cac sd nguyén chi gdm mot chit sé ma ta dé dang
thue hién. Viée tong hop két qua 1a viée thuc hién cac phép toan theo cong thuc (1).
+ Theo (1) phai thuc hién 4 phép nhan cac sb nguyén n/2 chir s6 (AC, AD, BC, BD),
tong hop két qua bang 3 phép cong cac sé nguyén n chit sé va 2 phép nhan véi 10" va
10", Phép cong cac s6 nguyén n chir sd chi can O(n), phép nhan véi 10" ¢ thé thuc
hién bang cach thém vao n chir s6 0= O(n).
Goi T(n) 1a thoi gian nhan 2 s6 nguyén, mdi sé co n chit sd. Ta c6 phuong trinh dé
quy:

1 neu n=1
Tin)= 4T(§) +Cn neun>1
Giai T(n) duoc T(n) = O(n®)= Chua cai tién hon so véi giai thust nhan 2 sb thong
thuong.
Do d6: + Viét (1) thanh dang

XY = AC10"+ [(A-B)(D-C) + AC + BD].10"*+BD (3)
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(3) chi can 3 phép nhan cac s6 nguyén n/2 chit s6 AC, BD va (A-B)(D-C), 6 phép

cong trir va 2 phép nhan véi 10" = 1y O(n)=> phuong trinh dé quy
1 néun=1

T(n)=
() 3T(g)+Cn néun > I

Giai phuong trinh dé quy dugc T(n) = O(n'°®) = O(n'"?)= Giai thuit nay cai thién
hon rat nhiéu.

Function Mult(x,y: integer; n: integer) : integer;

Var m;,m,,m;,A,B,C,D : integer;

dau : integer; {lwu trit dau ciia tich xy)
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Begin 1 néu x>0
dau :=sign(x)*sign(y); sign(x) =
-1 néu x<0
x:=ABS(x); y:=ABS(y)
if n=1 then Mult:=x*y*d4u
else
Begin
A:=Left(x, n div 2); {A: $6 nguyén cé n/2 chir s6 bén trdi}
B:=Right(x, n div 2);
C:=Left(y, n div 2);
D:=Right(y, n div 2);
m;:=Mult(A,C,n div 2);
m,:=Mult(A-B,D-C,n div 2);
m;:=Mult(B,D,n div 2);
Mult:=dau*[(m;*10n)+(m;+my+m;)*10n div 2+ms];
End;
End;
¢)Xép lich thi diu thé thao
K§ thuat “Divide and conquer” khong chi c6 tmg dung trong thiét ké giai thuat ma
con trong nhiéu g dung khac cia cudc sdng nhu : xép lich thi ddu thé thao theo thé
thirc ddu vong tron mot lugt cho n cau thi. Mdi cau thu phai dau véi cac cau thii khac
va mdi cau thu chi ddu nhiéu nhét 1 tran mot ngay.
Yéu cau : Xép 1 lich thi dau sao cho s ngay thi dau 1a it nhat.
- D@ thay, tong s6 tran d4u cila toan giai 1a —n(nz— D
= néu n chin= Sap n/2 cdp thi ddu mot ngay = can it nhat n-1 ngay.
néu n 1é=n-1 1a chin=sip (n-1)/2 cip thi diu trong mot ngdy = can n ngdy. Gia
sir n=2" thi n chin= can tdi thiéu n-1 ngay.
- Lich thi ddu 12 mot bang n dong, n-1 cot, dong i biéu dién cau thu i, cot j biéu dién
ngay thi ddu j, 6 (i,j) thé hién cau tha phai thi ddu véi cau thi i trong ngay j.
- Xay dung lich thi ddu theo k¥ thuat “Divide and conquer” nhu sau : Dé sip lich cho
n cdu thi, ta sip lich cho n/2 cau thu; dé sap lich cho n/2 ciu thd, ta sip lich cho n/4
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cau thu...dan dén bai toan co s¢ 1a sdp lich thi dau cho 2 cau thu, 2 cau thu nay sé thi

d4u 1 tran trong mot ngay.

- Tong hop lich thi ddu cho 4 cau thu, 8 cau thi,...tr lich thi dau cta 2 cu tha nhu
sau.

Xuat phat tir lich thi ddu cta 2 cau thu= lich thi d4u cho 4 cau thu 1a mot bang 4
dong, 3 cot. Lich thi dau cho 2 ciu thi 1 va 2 trong ngay 1 chinh 1a lich thi ¢au cho 2
cau tha (bai toan co s6)=06 (1,1)="2"; 6 (2,1)="17, tuong tu ta c6 lich thi ddu cho 2
cau thu 3 va 4 trong ngay 1 =06 (3,1)="4", 6 (4,1)="3".

Nhdn xét: 6 (3,1)=06 (1,1)+2 va 6 (4,1)=06 (2,1)+2

Dé hoan thanh lich thi ddu cho 4 cau tha ta ldy goc trén bén trai ctia bang lap vao cho

goc dudi bén phai va ldy goc dudi bén tréi lap cho goc trén bén phai. ..
1

1 23 1 23 4567
11234 112({3]4/5]6|7|8
2111413 211(41316(5|8]7
3141112
413121
3(4|1(2]7|8[5]|6
41312|1|8[7]6]5
516|7[8|1]|2]3|4
6(5/6|7]2|1]4|3
718|5/6[3|4]1|2
8171654321
8 cau thi

Véi ky thuat “chia dé tr1” n6i chung s€ tdt hon néu ta chia bai toan can gidi thanh cac
bai toan con c6 kich thudc gan bang nhau

Vi du: Mergesort phan chia bai toan thanh 2 bai toan con c6 cung kich thudc n/2 =>
Thoi gian thuc hién 13 O(nlogn). Nguoc lai trong truong hop xau nhat ciia QuickSort,
khi mang bi phan hoach 1énh thi thoi gian 1a O(n?).
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Nguyén tac chung la tim cach phan chia bai toan thanh céc bai toan con c6 kich thude

xap xi bang nhau thi hiéu qua s& cao hon => Goi 14 bai toan con can bang(Balancing
Subproblems).
3.2. Quy hoach dong (Dynamic)
3.2.1. N¢i dung
Tu tudng chu dao cua phuong phap quy hoach dong dua trén nguyén li toi wu cua
Bellman : “Néu mét day cac lya chon la 161 wu thi moi dady con cua no ciing 16i wu’.
Ta biét ki thuat chia dé tri thudng dan t6i mot giai thudt dé quy. Trong cac giai thuat
d6, c6 thé co mot sb giai thuat thoi gian mi. Tuy nhién, thuong chi c6 mdt s6 da thirc
cac bai toan con, diéu d6 c6 nghia 1a ta phai giai mot sd bai toan con niao d6 trong
nhiéu 1an. Thuét toan nhan dugc s& kém hiéu qua. Vi vay, dé tranh viéc giai du thura
mot sd bai toan con, ta ding k¥ thuat tir dudi 1én (bottom — up) dé tao ra mot bang luu
tat ca cac két qua cua cac bai toan con va khi can chi can tham khao t6i két qua do
dugc luu trong bang ma khong phai giai lai bai toan d6. Lap day bang két qua cac bai
toan con theo mot quy luat nao d6 dé nhan duoc két qua cta bai toan ban dau (ciing da
duoc luu trong mgt 6 nao d6 cua bang) duoc goi 1a quy hoach dong.
v'Céc thao tac tong quat ciia quy hoach dong:
- Tim nghiém cua cac bai toan con (cdc truong hop riéng) don gian nhat
- Xay dung ham quy hoach dong (cdng thirc hodc quy tic xdy dung nghiém cia
bai toan con thong qua nghiém cua cac bai toan con co nho hon)
- Lap bang luu lai cac gid tri cia ham.
v'Han ché ciia quy hoach ddng:
Phuong phap quy hoach dong khong hiéu qua trong céc tinh hudng sau:
- Su két hop 101 giai cua cac bai toan con chua chic di cho ta 101 giai cua cac
bai toan 16n hon.
- Sb lugng cac bai toan con can giai quyét va luu trir két qua co thé rat 1on,
khong thé chép nhan duoc.
3.2.2. Vidu ap dung
a) Bai toan tinh s6 t6 hop
Ta biét cong thire tinh s6 t6 hop chap k ctan 1a

C*=1 néuk=0hoick=n
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Ct=c* +CF | néuo<k<n
° Gidi thuqt dé quy
Function Tohop(k,n : Integer): integer;
Begin
If (k=0) or (k=n) then Tohop:=1
Else Tohop:=Tohop(k-1,n-1)+Tohop(k,n-1);
End;
- D¢ phic tap tinh toan: Goi T(n) 1a thoi gian tinh C ,]f , Ta c6 phuong trinh d¢ quy
C néu k=0 hoic k=n
T(n) =
2T(n-1) + C, néu 0<k<n
Giai phuong trinh dé quy ta dugc  T(n) ~ O(2").
Nhu vay giai thuat dé quy trén c6 thoi gian thuc hién 1a ham mi trong khi chi c6 mot

da thtrc cac bai toan con, ching té ¢6 nhitng bai toan con dugc gidi nhiéu lan.

Vi du:

Tohop (2,4)
Tohop (1,3) Tohop (2,3)
Tohop (0,2) Tohop (1,2) Tohop (1,2) Tohop (2,2)

Nhu vay dé tinh Tohop(2,4) phai tinh Tohop(1,2) 2 l4n... Quy hoach dong s& khic
phuc tinh trang trén bang cach xay dung mot bang gdm n+1 dong (tir 0..n) va n+1 cot

tir (0..n) va dién gid tri 6 O(i,j) theo qui tic tam giac Pascal:
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ilo[1[273]4
i

0 1

1 11

2 12]1

3 1[3]3]1
4 1a]6l4]1

0(0,0)=1; O(1,0)=1;
0O(@1,1)=1 v6i 0<i<n
0(1,))=0(1-1,4-1) + O(@-1,)) v610<j<i Vn
Gid tri & 6 O(n,k) chinh 1a Tohop(n,k);
Function TOHOP(n,k : integer) : integer;
Var C: array[0..n,0..n] of integer;
1,j: integer;
Begin
C[0,0]:=1;
For i:=1 ton do
Begin
C[1,0]:=1; C[1;1]:=1;
For j:=1 to i-1 do C[1,j]:=C[i-1,j-1]+C[i-1,j];
End;
TOHOP:=Tohop[n,k];
End;
Do phirc tap: T(n) = O(n?).
b) Xau con chung
Bai toan: Cho hai xau ky tu x va y, hdy tim xau ly tu c 1a xau con chung cua x vay va
¢ 6 d¢ dai 16n nhét c6 thé duoc.
Vidu: x =abl32sc vay = labdc thi ¢ = abc
Nhén xét: Néu x va y c6 d6 dai du nho thi ¢ thé giai bai toan bang cach duyét moi

x4u con chung va luu lai xu c6 do dai 16n nhat. Tuy nhién cach 1am nay khong thé
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dap tng vé mat thoi gian khi x va 'y c6 do dai lon. Vi vay ta sé dung phuong phap quy

hoach dong dé giai quyét bai toan trén nhu sau:
Goi m va n lan lugt 1a do dai clia cac xau x va y.
- Néu mot trong hai s6 m = 0 hodc n = 0 thi ¢ 14 xau rong.
- Xét cac doan dau cia 2 x4u X va y ¢6 d6 dai i va j twong ng (X;,X 2,..,X;) va
(Y15 Y250, ¥j) VO1 0<i <m,0< j<n. Goi L(i,j) 1a 0 dai l6n nhit x4u con chung
ctia hai xau nay. Khi d6 L(m,n) s& 1a ¢ dai 16n nhat ctia hai xau x va y.
Ta c6 cach tinh L(i,j) thong qua L(s,t) v6i s <i,z < j theo quy tic sau:
+ néu i=0 hodc j=0 thi L(i,j)=0.
+néui>0vaj>0vax; = yj thi L(i,j) = Max {L(i,j-1), L(i-1,j)}
+néu i >0 va j >0 va x; =y; thi L(i,j)=1+L(i-1,j-1).
- Luu céc gia tri L(i,j) vao mang L[0..m, 0..n]. Tt quy tic trén ta thdy néu biét L[i,j-1],
L[i-1,j], L[i-1,j-1] ta tinh ngay duoc L[i,j]= C6 thé tinh duoc cac phan tr cia mang
L[0..m,0..n] tir gbc trén trai lan luot theo cac dudng chéo song song.
Procedure Xau con chung;
Var x,vy, c:String;
I, j: Byte;
L: array[0..250,0..250] of byte;
Begin
For 1:= 1 to length(x) do L[0,1]:=0;
For j:= 0 to length(y) do L[},0]:=0;
For 1:=1 to length(x) do
For j:=1 to length(y) do
If x[1] = y[j] then L[i,j]:= L[i-1,j-1] + 1
Else IfL[i-1,]> L[i,j-1] then L[1i,j]:= L[i-1,j]
Else L[i,j]:= L[1,j-1]
End;
*Van dé truy xuat két qua:
T mang L d3 duoc 1am ddy, ta xdy dung xdu con chung dai nhit c6 d6 dai 1a k =
L[m,n]. Ta x4c dinh cc thanh phan cia ¢ = (¢i,Ca,..,¢4) lan luot tir bén phai. Trong
bang L xuét phat tir 6 L[m,n], dit ¢ =", gia st dang & 6 L[i,j] :
- Néu x;=y; thi gdn ¢ = x; + ¢, va di 1én 6 L[i-1,j-1].

- Néu x; # yj thi :
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+ hoac L[i,j] =L[i,j-1] thi dit&16 L[1,)-1]

+ hodc L[i,j] =L[i-1,j] thi di toi 6 L[i-1,j].
Qua trinh cu tiép tuc khi ta xac dinh duoc tit ca cac thanh phﬁn cua c (nghia la khi
gap 0 L[i,j] nao do6 co gia tri 0).
Procedure Truy vet;
Var 1,j: byte;
Begin
C:="’; 1:=length(x); j:=length(y);
While LJ[i,j]<>0 do
If x[i] = y[j] then

Begin
C:=x[i]+c; dec(i); dec(j);
End
Else If L[i,j]=L[i-1,j] then dec(j)
Else dec(1);
Return(c);

End;

*Vidu : Xay dyng bang L[6,7]

x = abd4eb

y = lab4cde
N 0[1(2|3]4|5]6
0 0[0/0[0]0|0]O0
1 Q\O 0/0(0]0]O0
2 |o 1\1 1[1]1]1
3 (0|13 /2]2]2
4 Jof1|2]2 } 303
5 0[1]2|2 3T 313
6 0[112]3 1\3 3
7 lol1]2|3]3|474

C=‘ab4de’

Chuy:
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- Trén bang luu, khi truy vét c6 thé c6 nhiéu xau con chung c6 do dai 16n nhat.

- Str dung thuat toan trén két hop véi cAu tric dit liéu kiéu con tré ta c6 thé m&
rong bai toan cho trudng hop tim diy con chung cta hai diy sd nguyén co do
dai 1én t&1 hang ngan don vi.

3.3. Phuwong phap tham lam (Greedy Method)

3.3.1. Bai to4n t6i uu t6 hop

C6 dang tong quat:

- f(x)= i Cix; xéc dinh trén mot tap hiru han cac phén to D. Ham f(x) duoc got
i=1

la ham muc tiéu.

- MB&i phan tir XeD ¢6 dang X=(x;,X,, ..X,) dugc goi 1a mot phuong an.

- Can tim mot phuong 4n XeD sao cho ham f(x) dat Min(max). Phuong an X
nhu thé goi la phuong an t6i wu.

C6 thé tim phuong 4n tdi wu bang phuong phap “vét can” nghia 1a xét tat ca cac
phuong an trong tdp D (hitu han) dé xac dinh phuong an tot nhat. Mic du D 1a hiru
han nhung dé tim mot phuong an tdi wu cho mot bai toan kich thudc n bang phuong
phap “vét can” ta c¢6 thé s& tén thoi gian ham mil. Vi nhiéu bai toan tdi wu hoa, qua 1a
qua thira khi dung quy hoach dong dé xac dinh cac phuong an tdi vu, thay vi thé ta co
thé dung céc thuit toan don gian va hiéu qua hon.

Phuong phép Greedy Method s& giai bai toan t6i wu to hop ma thoi gian c6 thé
chap nhan duoc, tuy nhién c6 thé chi dat duoc phuong an t6t chir khong phai 1a toi vu.
3.3.2. N¢i dung

Khac voi quy hoach dong, thudng giai quyét cac bai toan con tir dudi 1én, mot
chién lugc tham lam thudng tién trién theo cach tir trén xudng, phuong an X dugc xay
dung bang cach lwa chon ting thanh phan x; ciia X cho dén khi hoan chinh (d n thanh
phan). V&i mdi X;, ta s€ chon x; t6i wu. V6i cach nay thi co thé & bude cudi cing ta
khong con gi dé chon ma phai chép nhan mdt gia tri cudi cung con lai.

Luoc do ciia phwong phdp tham lam:
Procedure Greedy Method(A,X);
{Xay dung phiong an X tir tdp cdc doi eong A}
Begin
X:=4;
While A <>¢ do
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Begin

x:= Select(A); {Ham chon x tot nhat trong A};

A:=A-{x};

If Xu{x} chip nhan duoc then X:=XU{x};

End;
Return (X); {phwong dan t6i wu}
End;
Ta c6 thé d& dang théy tai sao cac thuat toan nhu thé duoc goi la “tham lam”™. Tai moi
budc, nd chon “miéng ngon nhat” (duoc xac dinh boi ham chon), néu thay co thé nudt
duoc (c6 thé dua vao nghiém) no s& xoi ngay, néu khong né sé bo di, sau nay khong
bao gio xem xé&t lai.
Can luu ¥y rang, thut toan tham lam trong mot s6 bai toan, néu xay dung duoc ham
chon thich hop c6 thé cho nghiém ti wu. Trong nhiéu bai toan, thuit toan tham lam
chi tim dugc nghiém gan ding v&i nghiém t6i wu.
3.3.3.Cac vi du ap dung:
a)Bai toan doi tién
Input : - Cé n loai tién, mdi loai tién co gié tri twong tmg 13 d,ds,..,d,.
- Lugng tién M dong.
Output : Po6i M dong ra tién 1¢ sao cho sd loai tién d6i 13 it nhat.
*Phan tich : Can phai tim 1 nghiém X = (X,Xz,..Xm) VOi X; 12 s6 loai tién thir i c6 gia
tri d; sao cho MZixidi — Tim céach doi sao cho téng loai tién can ddi 1a it nhét. Vay
P

ta s& bat dau doi tir ddng xu c6 gia tri 16n nhat va cir giam dan cho dén khi sé tién M
da duoc ddi hét thi thong bao 13 tim dugc nghiém, nguoc lai thi thong bao khong ddi
duoc.
Ap dung tu tudng cia thuat toan tham lam , ta c6 thé viét nhu sau:

Function Déitién_Thamlam(M);

Const D={d,,d,...,d,} { mang luu gié tri timg loai tién}
Var x, sum, i; {x 1a nghiém bai toan}
Begin

- Sap xép D giam dan

X=¢ ;sum:=¢ ; 1:=1;
While (sum#= M) and (i <=n) do {Trong khi chira déi hét tién}
63



Gido trinh Ly thuyét thudt todn-B6 mén Khoa hoc may tinh-2010
Begin

x;:= (M - sum) div d; ; {S6 to tién loai d;}
if (sum+x;*d; < M) then
Begin
X:=X+{xi};
sum:=sum-+x;*d;; {Sé tien da doi dwoc tinh dén loqi tién i}
End;
1:=1+1;
end;
If sum=M then Return(X) {7Tra lai nghiém cua bai toan)
Else <Théng bao khong ddi dugc>;
End;
Nhan xét: - Tinh chit tham lam thé hién & chd, tai mdi budc ludn chon “miéng an
ngon nhat” ma khong dé ¥ hiu qua sau nay. Cho nén, véi mot sb truong hop thuat
toan cho ta nghiém tdi uru, nhung trong nhiéu trudng hop nghiém tim dugc khong phai
1a nghiém t6i wu ma chi gan ding v6i nghiém t6i wu, tham chi con khong tinh duoc
nghiém dung. Vi du: Néu M=13 va céc loai tién c6 ménh gia 1a: d,=3, d,=4, d;=6. Can
tim cach doi 13 ddng sao cho s tién doi 1a it nhat. V&i thuat todn trén ta can 2 td 6
dong du 1 dong. Nhu vay sd tién nay s& khong d6i dugc, nhung trong thuc té, ta co thé
ddi dugc dé dang véi 1 td 6 dong, 1 t& 4 dong va mot to 3 dong.
- Tuy nhién ta hoan toan c6 thé sir dung phuong phap tham lam dé dat nghiém ti wu
v6i mot sb bai toan nhu : Thuat toan Kruskal tim cay khung nho nhat,. ..
b) Bai toan dwong di cua nguwoi giao hang (TSP - Traveling Salesman Problem)
Mot ngudi giao hang can di giao hang tai n thanh phd. Xuat phét tir mot thanh phd
nao do, di qua cac thanh phd khac dé giao hang va trd vé thanh phd ban dau. Mdi
thanh phd chi dén mot 1an, khoang cach tir 1 thanh phd t6i cac thanh phé khac 1a xéac
dinh duoc (dia li, thoi gian, cudc phi) d6 dai. Hay 1ap mét chu trinh sao cho tong do
dai cac canh la nho nht.
- Vi phuong phéap “vét can”, ta xét tat ca cac chu trinh, mdi chu trinh tinh tong d6 dai

2

cac canh r6i chon mdt chu trinh ¢6 tong do dai nhé nhat, do d6 can xét tat ca la

chu trinh =D phirc tap O(n!). Vi vay, ta co thé st dung phuong phap tham lam sé&
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cho phuong an tot (khong phai phuong an to1 vu) nhung chi ton thot gian da thirc nhu

sau:
*Thuat toan TSP Greedy:

® Tinh d6 dai cta tit ca cac canh (c6 tat ca n(n-1)/2 canh).

@ Xét cac canh c6 dd dai tir nho dén 16n dé dua vao chu trinh.
® Mot canh s& duge dua vao chu trinh néu canh d6 thoa mén hai diéu kién sau:
- Khéng tao thanh mét chu trinh thiéu(Khong di qua di n dinh).
- Khéng tao thanh mot dinh c6 cip > 3(tirc 1a khong duoc ¢6 nhidu hon hai canh
xudt phat tir mot dinh, vi mdi thanh phé chi dugc dén mot 1an).
@ Lap lai budc 3 cho dén khi xay dung dugc mot chu trinh.
Vé6i phuong phap nay ta chi can n(n-1)/2 phép chon nén ta c6 mot giai thuat cin O(n®)
thoi gian.
Mot cach tiép can khac cua ki thut tham lam vao bai toan nay 1a:
® Xuat phat tir mot dinh bat ky, chon mot canh c6 d6 dai nho nhat trong tat ca cac
canh di ra tir dinh d6 dé dén dinh ké tiép.
@ Tur dinh ké tiép ta lai chon mot canh c¢6 d6 dai nho nhéat di ra tir dinh nay thoa man
hai diéu kién néi trén dé di t6i dinh ké tiép.

® Lip lai bude 2 cho dén khi di t6i dinh n thi quay tré vé dinh xuét phat.
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Vi du : Cho bai toan TSP 5 dinh dugc bi€u dién nhu mot do thi G = (V, E), va qua

trinh thuc hién giai bai toan b?mg thuat toan tham lam thé hién trong hinh sau:

;?H f';%l\ﬂ L
N e E o / N )
. 6 & & &
(i o I:_,‘JH‘ {;h___l H
Q — P e )

Hinh : Qud trinh tim hanh trinh theo nguyén Iy Greedy, dinh s6 1 la dinh xudt phdt
Két qua: Hanh trinh tim dugc c6 chiéu dai 14 (Hanh trinh t6i wu la 13). PO phuc tap
o).
¢) Bai toan xép ba 16 (xép balé gid tri nguyén)
- Input: Mot ba 16 ¢6 thé tich B, n d6 vat c6 thé tich: ay, as,...a,
Gia trj trong tng cua cac d6 vat 1a: py, pa,...pa
So luong mdi loai do vat 1a khong han ché, x; nguyén la sb lugng
loai d6 vat i.
n n
- Output: Tim nhém d6 vat thoa man Zaixi <Bva Z p,;x; dat max?
i=1 i=1
Theo yéu cau cua bai toan ta cAn nhitng d6 vat ¢ gid tri cao ma thé tich nho dé c6 thé
mang dugc nhiéu “dd quy”. Vi vay ta quan tdm t6i don gid cta timg loai d6 vat tirc 1a
ty 18 gid tri/ thé tich, don gia cang cao thi 46 cang quy. Khi d6 phuong phap tham lam
duoc ap dung gidi bai todn trén trong thoi gian da thirc nhu sau:

® Tinh don gia cho céc loai d6 vat.
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@ X¢ét cac do vat theo thir tu don gia tir 16n dén nho.

® Vi mdi dd vat dugc xét sé léy mot sd lugng tdi da ma thé tich con lai cua
bald cho phép.
@ Xac dinh thé tich con lai cta bald va quay lai bude 3 cho dén khi khong con
chon duogc d6 vat nao nita.

- Do phure tap tinh toan: O(n?).

*Vi du: Cho bald c6 thé tich B=37 va 4 loai d6 vat co trong luong va gia tri tuong Uing

nhu sau:
Loai d6 vat | Thé tich a; | Gia tri p; P vat [a | p: | Pon gid p/a;
A 15 30 B [10]25 2.5
B 10 25 ., | A [15]30 2.0
C 2 2 D [4]6 1.5
D 4 6 c |22 1.0

- Chon B: 3 c&i = Thé tich con lai 37-3*10=7
- Chon A : a;=15 >7 = khong dugc.
- Chon D : 1 cai = Thé tich con lai : 7-1*4=3
- Chon C : 1 c4i = Thé tich con lai: 3-1*2=1

= Tbng thé tich : 3*10+1*4+1%2=36

Tong gia tri : 3*¥25+1%6+1%2=83.
3.4. Phuong phap nhanh can (Branch- and- Bound)
3.4.1. N§i dung
Vi cac bai toan tim phuong 4n t6i wu, néu ta xét hét tit ca cac phuong an thi mat

nhiéu thoi gian, nhung néu sir dung phuong phap Greedy thi phuong an tim duoc
chua chic di 1a phuwong 4n t6i wu. Phuong phap nhanh can 1a mot dang cai tién cua
phuong phap quay lui dugc 4p dung dé tim nghiém cua bai toan tdi uu.

Véi phuong phap nhanh cén ta s& di xdy dung cdy tim kiém phuong an téi wu,
nhung khong xay dung toan bd cdy ma sur dung gia tri can dé han ché bdt cac nhanh.
- Cay tim kiém phuong an ¢ nat gbe biéu dién cho tap tit ca cac phuwong an c6 thé co,
mdi nat 14 biéu dién mot phuong an nao d6. Nt n ¢d cac nit con tuong Gng voi cac
kha ning co thé lya chon tap phuong 4n xudt phat tir n. K§ thuat ndy goi 13 phan
nhéanh.
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- V61 moi nut trén cay ta xac dinh duge mot gia tri can (la gia tri gan voi gid cua cac

phuong an).
+ Vi bai toan tim Min ta x4c dinh cén dudi <gia cua phuong an.
+ V61 bai toan tim Max ta xac dinh can trén >gia ciia phuong an.
Nhu vay c6 thé noéi: Phuong phap Nhanh can 1a mot dang cai tién ctia phuong phap
“vét can”, ta c6 lugc d6 cua phuong phap nhanh cin nhu sau:
Procedure TRY(i: integer);
Var j: integer;
Begin
For ie Tap gié tri dé cir do
If <chdp nhanj> then
Begin
Xit=j;
if i=n then <ghi nhan>
else if g(x,xs,..,X,) <can dudi tam thoi then TRY (i+1)
End;
End;
3.4.2. Cac bai toan ap dung
a)Bai toan duong di ciia nguwoi giao hang (TSP)
*Phan nhanh: Trong bai toan ndy khi tim kiém 161 giai, chung ta s& phan tap cac hanh
trinh ra thanh hai tdp con : mot tap gém nhitrng hanh trinh chira mét canh (i,j) nao dé

ciin tap kia gdm nhitng hanh tronh khung chira canh nay:

Tap tat ca cac hanh trinh

Hanh trinh
khong chira (i,7)

Khi d6 ta c6 thé xay dung cy tim kiém phuong an 13 cdy nhi phén, trong d6 :

- Nut goc 1a nat biéu dién cho cau hinh bao gom tat ca cac hanh trinh c6 thé co.
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- M61 nat c6 hai con, con trai bi€u dién cau hinh bao gom tat c4 cac hanh trinh chtra

mdt canh nao do6, nat con phai biéu dién cau hinh bao gdm tat ca cac hanh trinh khong
chtra canh d6 (cac canh xét phan nhanh dugc xép theo mot thir ti nao do, chang han
thir tu tir dién).

- Mdi nit s& ké thira cac thudc tinh cua t6 tién cua nd va cd thém mot thudc tinh
moi(chtra hay khong chira mot canh nao do).

- Nt 14 biéu dién cho 1 cdu hinh chi bao goém 1 phuong an.

- Trong qué trinh phan nhanh phai dam bao cac diéu kién rang budc cua bai toan =
tai moi ndt ta can quy dinh trén nguyén tic 1a moi dinh trén chu trinh déu c¢6 cdp 2 va
khong tao ra mot chu trinh thiéu.

*Tinh cAn dudi: DAy la bai toan tim Min nén ta st dung can dudi. Can dudi tai moi

nut 1a s6 nho hon hodc bang gia cia tit ca cac phuong an biéu dién boi nat d6. Gia cia
mot phuong 4n 13 tong d6 dai 1 chu trinh.

- Tinh can dudi cho nut géc - mdi dinh chon hai canh c6 dd dai nhé nhat. Can dudi
cua nut géc béng téng do dai tit ca cac canh duoc chon chia cho 2.

- Céc nut khac : Lua chon 2 canh c¢6 do dai nhoé nhét théa man diéu kién rang budc
(chtra canh nay,khong chira canh kia).

*K§ thuat nhanh can: Két hop hai k¥ thuat trén dé xay dung cy tim kiém phuong 4n

theo quy tac sau:

- Xay dung nit gbc, bao gém tat ca cic phuong an, tinh can dudi cho nut gdc.

- Phan nhanh cho mdi nut, tinh can dudi cho ca 2 con.

- Néu can dudi ctia mot nit con 16n hon hodc br:ing gid nho nhét tam thoi cia mot
phuong 4n da dugc tim thiy thi khong can xdy dung cdc nhanh con cho nat nay nita
(cit tia).

- Néu cé hai con déu c6 can dudi nhé hon gia nho nhét tam thoi ciia mot phuong an da
duoc tim théy thi nat nao c6 can dudi nhd hon sé dugc uvu ti€n phan nhénh trudec.

- M&i 1an quay lui dé xét nat con chua dugce xét ciia mot nit ta phai xem xét lai nat
con d6 dé c6 thé cat tia cac nhanh cua nd hay khong, vi c6 thé mot phuong an co gia
tri nho nhit tam thoi chua duoc tim théy.

- Sau khi tit ca cac con da duoc phan nhanh hoac bi ct tia thi phuong an c6 gia nho

nhat trong cac phuong an tim dugc 14 phuong an t6i wu.
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Trong qua trinh xay dung cay c6 thé ta da xay dung dugc mot s6 nut 14 (mot phuong

an). Gia nho nhat trong sb cac gia cua cic phuong an nay dugc goi 1a gia nho nhat tam
thoi.
*Vidu : Xét bai toan TSP ¢6 5 dinh:

Céc canh theo tht tu tir dién: ab,ac,ad,ae,bc,bd, be, cd,ce.dc.
- Phén nhanh: Xuét phat tir nit gdc chira tap tat ca cac hanh trinh, nat con trai 1a
hanh trinh chira canh ab, nit con phai 1a hanh trinh khong chira canh ab,...
- Can dudi: Puoc tinh nhu sau
Tinh CD cho nut géc:
+dinh a chon ab, ad.
+dinh b chon ba,be.
+dinh ¢ chon ca,cb.
+dinh d chon da,dc.
+dinh e chon eb,ed.
= Tong 14 35= can dudi ciia nit gdc A 1a 35/2=17,5.
Tinh can dudi cho nt D: Diéu kién rang budc : chira ca ab, ac, khong chira ad, ae.
+dinh a chon ab,ac.
+dinh b chon ba,be.
+dinh ¢ chon ca,cb.
+dinh d chon de,dc.
+dinh e chon eb,ed.
—» Téng 12 41= can dudi ciia D 14 20,5.

tuong ty cho cac nut con lai ...
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T4t ca cac hanh trinh

CD: 17,5
ab E
CD: 17,5 CD: 18,5
ac,ad,ae ac ac ac,ad,ae
CD: 20.5 CD: 18 CD: 18,5 CD: 21
e / N
ad,ae ad,ae ad,ae ad,ae
CD: 18 CD: 185 CD: 235

CD: 23

/

be,bd, be,ce,de,cd
Chu trinh: a, b, ¢, e,d, a
Gia: 23

%, be, ZE, ce,cd, de
Chu trinh: a, b, e, ¢, d, a
Gia: 21

be,bc,bd,ce,cd,de
Chu trinh: a, ¢, b, e, d, a
Gia: 19

be,bc,bd,cd, ce, de
Chu trinh: a, c, e, b, d, a
Gia: 23

Sau khi phan nhanh va cit tia ta tim dwoc hanh trinh t6i wu 1a: a, ¢, b, e, d, a voi chi
phi nho nhét 19 (Phuong phap tham lam 13 21).

* Phuong phap cai dat:

- Xay dung thu tuc rat gon ma tran chi phi dé tinh can dudi.

- Xay dung thu tuc chon canh phan nhanh.

- Xay dung thu tuc ngin cim tao thanh hanh trinh con.

- X4y dyng thi tuc dé quy TSP- nhanh can tim hanh trinh t5i wu.

b)Bai toan xép ba 16

Ta xét bai toan xép bald gia tri nguyén d3 néu ¢ phan trudc va phuong phap nhanh

can giai bai toan nay:

n
Tém tat bai toan: D x;p; = Max

i=1

n
Z xw;, <B,
i=1
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Phuong phap Nhanh can giai bai toan nay nhu sau:

Ta thdy ddy 12 mot bai toan tim Max. Danh sach cac d6 vat dugc sap xép theo thir tur
giam cua don gia dé xét phan nhanh.
1. Nut gbc biéu dién trang thai ban dau ciia bald(chua chon mot vat nao). Tong gia tri
TGT=0; cén trén cta nat gc : CT= B*don gia Max.
2. Nut gdc ¢o cac nit con twong ing véi cac kha nang chon do vat theo don gia 16n
nhat. Véi mdi ndit con ta tinh lai cac thong sb:

TGT = TGT(cii)+(sb d6 vat duoc chon)*(gia tri mdi vat)

B = B(cil) - (s6 do vat dugc chon)*(trong lwong mdi vat).

CT = TGT + B(méi)*(don gia vat ké tiép).
3. Trong céc nut con, ta s€ uu tién phan nhanh cho nut con nao cé can trén 16n hon
trude. Cac con cua nut ndy twong Gmg véi cac kha ning chon d6 vat c6 don gia 16n
tiép theo. Voi mbi nut phai xac dinh lai cac thong sé TGT, B, CT .
4. Lap lai budc 3 véi chi y: voi nhitng nit ¢o can trén nho hon hodc bang gia 10n nhat
tam thoi ctia mot phuong an da tim thay thi khong can phan nhanh cho nat d6 nita(cat
tia).
5. Néu tit ca cac nut déu da dugc phan nhanh hodc bi cit bo thi phuwong an cé gié tri
16n nhét 12 phuong an can tim.

*V{ du: Cho bald c6 thé tich B=37 va 4 loai do vat c6 trong luong va gia tri trong Ung

nhu sau:
Loai d6 vat | Thé tich a; | Gia tri p; Do vat |a; | p; | Don gia p/a;
A 15 30 B |10]25 2.5
B 10 25 . | A [15]30 2.0
C 2 2 D |4]6 1.5
D 4 6 C 2 |2 1.0

Goi x4, Xy, X3, X4 12 56 lugng can chon tuong g cua cac doé vat B, A, D, C.
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TGT=0; B=37; CT=92,5

X1:3 X1:2 0
TGT=75 TGT=50 TGT=25 TGT=0
B=7 B=17 B=27 B=37

B| cr=89 CT=84 D CT=79 CT=74

X2: 0 X2_1 0

TGT=75 TGT=80 TGT=50
F| B=7 B=2 B=17
CT=85,5 CT=83 CT=75,5

X3:1 X3: 0

TGT=81 TGT=75
G| B=3 B=7
CT=84 CT=82 g
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Chuong 4

LY THUYET LAP LICH
Lich biéu (Schedule) 13 mot loai ké hoach dé thuc hién mét cong viéc nao do. Vi
vay viéc 1ap lich (Scheduling) gip hang ngay, vi du: 1ap lich dé cac 6t vao nha may
sua chira, lap lich dé san xuét cac bod phan may bay, lap lich dé sép Xép cong viéc hang
ngay... Tom lai, 1ap lich la rat can thiét dé cac cong vi¢c khi xur 1i khong bi chéng
chéo, khong bo sot. Khong nhitng thé, viéc 1ap lich phai dap tng nhitng yéu cau cao
hon nhu: nang cao hi€u qua cong vi¢c, ndng cao nang suit lao dong, giam thoi gian
chd doi, giam chi phi phai tra...Do d6 can phai tim ra cac thudt toan, danh gia céac
thuat toan d6 dé tim ra nhimg thuat toan toi wu hoic gan t6i uu giai quyét cic bai toan
1ap lich thoa man yéu cau trén.
Bai toan lap lich c6 2 dang chinh: Cho n cong viéc xur ly trén may
- Bai toan lap lich dang tinh (Static): Cac cong viéc va may da biét trudc.
- Bai toan 1ap lich dang dong (Dynamic): Cac cong viéc va may chua biét
truoc.
4.1. Vén dé 1ap lich t6i wu
4.1.1. Bai toan
Co n 0 t6 san sang trudc nha may dé vao sira chita, nha may dugc biét vé mdi 6 to
qua 2 tham sé:
- Han dinh ma n6 phai stra xong.
- Thoi gian can thiét dé stra chira 6t6 do.
Nha may lam vi¢c khong ngung cho dén khi moi 6 to sira xong. Tai moi thoi diém,
nha may chi xur li dugc mot 6 to, stra xong 6td6 nay madi stra 6 to khac.
Hay sép xép cac 6 t6 theo mot thtr ty nhit dinh dé theo d6 cho dén luot stra chita,
sao cho s6 lugng 6 t6 dugc stra diing han 1a nhiéu nhat.

Biéeu dién bai toan:

* Input:

n 0 t0, thoi diém c6 thé bat dau xu 1i 1a nhu nhau:

r,=0,Vi=1,2,...n.

Han dinh stra chira: d; (due date).

Thoi gian can thiét dé sira: t; (time).

Nha may lam viéc lién tuc.
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- Moi thoi diém chi xtr 1i dugc mot 6 to.

- Sira xong 6 t6 nay méi dugce stra 6 to khac: khong cho phép ngit.
* Output:
Ki hiéu b; : thoi diém bat dau thyc sw xtr 11 6 6 i.
¢; : thoi diém sira xong 6 6 i.
Ci<d; : ding han
ii > d;: qua han.
W, : Tién phat
Tim lich biéu S sao cho sd lugng 6 t6 dugc stra dung han 1a nhiéu nhat (Luong tién
phat nhé nhat).

* Vi du: Cho céac tham sb duéi dang bang sau:

0 t6 | Han dinh d; | Thoi gian t
X 7 3
Xs 5 2
X3 8 4
X4 12 4
X5 17 6
X 9 2
X7 20 3

Néu stra chita theo thi ty S = (X1, X2, X3, X4, X5, X6, X7 ) thi sb lugng 6 t6 dugc stra
ding han chi c6 2. Vi sau khi stra xong 6 t0 X, X, thi 6 t6 x3 da bi qua han (do t;+t,+t3

>d;) tiép theo 4 6 t6 sau ciing bi qua han.

Néu stra chita theo thtr tu S = (x,, Xy, X4, X4, Xs, X3, X7 ) thi s0 lugng 6 t6 dugc stra

ding han 1a 5.
4.1.2. Nhan xét
- Bai toan trén thudc loai lap lich t8i wu, v6i chuén téi vu 1a sb luong 6 t6 duogc stra

dung han 12 nhiéu nhét (hay luong tién phat 13 it nhat : Z w; = Min)
i=1
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- Bai toan lu6n giai dugc vi n6d thudc loai bai toan to6 hgp hitu han phan tir nén c6 thé

dung phuong phap “vét can”: 14y tit ca cac hoan vi ctia n 6 0, chon hoan vi ndo ma
theo thur tu do, sd lugng 6 t6 dugc stra dung han 1a nhiéu nhéat.
- Bai toan trén c6 thé c6 nhiéu lich biéu t6i uu, tirc 13 ¢6 nhiéu thi tu cia n 6 to thoa
mén chuan tbi uu.
- Bai toan trén di duoc chtirng minh 1a NPC. Néu dung phuong phap “vét can” thi s&
t6n rat nhiéu thoi gian (ham mii). Do d6 ta can tim cach xdy dung dugc lich biéu tdi
uu trong thoi gian da thtc.
4.1.3. Tinh hinh giii bai toan lap lich hién nay
Ly thuyét 1ap lich hién nay d3, dang , va sé& giai quyét dugc cac van dé:
- Phan loai bai toan lap lich.
- Nghién ctru cach thirc xay dung lich biéu tdi wu theo mot tiéu chuan nao d6 va
hon nira 1am sao dé tao ra n6 that nhanh (Thuat todn don dinh, da thuc).
- V61 nhiing bai toan chua tim ra thuat toan nhanh, xét xem n6 c6 thuoc 16p NPC?
- Vi nhimg bai toan thudc 16p NPC thi tim ra thuat toan da thic dé tao ra lich
biéu gan tdi uu.
- Tim céc ing dung cla bai toan 1ap lich trong thuc té: cong nghiép, giao thong
van tai, hé diéu hanh may tinh. ..
Vidu : Nguoi ta da tim ra mot thuat toan Heuristic giai bai toan trén nhu sau:
Thuit toan Moore : Tim lich biéu trong thoi gian da thirc
® Sip xép cac 0 to theo thu ty khong giam cua cac di: Thi ty cic 6td
X1 X2,...Xpma d;<d, <...<d, ta goila day hién thoi.
@ Trén diy hién thoi, im 6 t6 dau tién qua han, gia st d6 13 6 t6 tht q. Trong
s6 q 6 t6 dau tién hay loai ra 6 t6 ndo c6 thoi gian sira chita t nhiéu nhat (néu co
nhiéu 6t6 nhu vy thi chi chon mot).
® Budc 2 duoc lap lai cho dén khi trong day hién thoi khong con 6 to niao
qua han.
@ Cac 0 t6 bi loai ra trudc do duoce xép vao sau day hién thoi tai cudi bude
3.
Sau budc 4 ta c6 mot thir tw cac 6 t6 (lich biéu) can tim trong thoi gian da thirc
(phu thudc budc sip xép cac cong viéc O(n%))

CCA A% CC

Tém lai: Cac d6i twong duge xir 1i nhu “6 t6”, “chuong trinh”... dugc quy vé tén

99 ¢

chung 1a “cong viéc” (job). Cac phuong tién xir li nhu “nha may”, “may tinh”..., ké ca
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con nguoi co tén chung la “may” (machine). Khi d6 ta c6 cac quan ni¢m rong hon vé

bai toan 1ap lich.
4.2. Phan lop bai toan 1ap lich dang tinh
Gid sir ¢6 n cong viéc J; (1=1,2,...,n) dugce xur li trén m may M; (j=1,2,...,m)
Gia thiét réng tai mot thoi diém, mdi cong vi¢e dugce xu 1i trén nhiéu nhat 1a 1 may va
mdi may co thé xir 1i nhiéu nhét 1a mot cong viéc.
Khi d6 bai toan 1ap lich c6 thé mé ta dudi dang moé hinh chung : & ‘ﬂ ‘7/
trong do « : Biéu dién mdi quan hé gitta cdc may.
B: Biéu dién mdi quan hé giita cac cong viéc.
7+ Tiéu chuén tdi wu cua lich biéu can tim.
4.2.1. Thong tin vé cong viéc
Véi moi cong viéc J; co cac tham sb sau:
m; : 8O may can thiét dé xu 1i cong viéc J; .
m; : thoi gian xtr 1i cong viée J; .
ti : thoi gian xu i cOng viée J; trén may M; .
r; : thoi diém co thé bat dau xu 1i cong viéc J; .
d; : han dinh ma tai d6 J; phai hoan thanh.
W, : trong sb cua cong vige J; (tién phat, tién thuong,...).
b; : thoi diém bat dau thyce su xtr 1i cong viée J; .
¢; :thoi diém hoan thanh cong viéc J; .
Gia thiét cac tham sb déu 1a bién nguyén (Integer).
4.2.2. Quan hé giira cac may
Tham sé « = a,a, chi moi quan hé giita cac may.
a) Truong hop o, € {¢,P,O,R}
+ @,=¢ : dugc hicu 1a h¢ thong chi c6 mot may vat;=t; .
+ ¢, =P : hé thong gdm m may song song dong nhét t; = t, 1=1,2,...m.
( Parallel - shop: mdi cong viéc co thé xir 1i trén mot trong s6 m méy giéng nhau).

+ &,=Q : hé théng gdbm m may song song dong déu ti; =t *q;, q; 1a tbc do cua may

+ ,=R : h¢ thong gdm m may song song ddc lap (khong dong déu)

b) Trwong hop o,=0, hé thong goi la “Open Shop”’:
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Truong hgp nay khong quan tam dén tht ty thuc hién cac cong doan ctia moi

cong vi¢e, trong do:

- Mbi cong vige J; déu gém c6 m cong doan: {O;,0y;,...,0mi} -

- MJdi cong doan O;j dugc xur i trén may M; trong thoi gian tj; .
¢ o ¢lF,J}

Truong hop ndy phai quan tdm dén tht ty thuc hién cic cong doan cua mdi cong
viéc
+ a,=F: hé théng goi 1a “Flow shop”.

(Hé day chuyén: moi cong viéc xir Ii trén tat ca cic may theo cing mot thir tu).
Trong do : - Mbi cong viéc J; gém tap m; cong doan {O4;,0y;,...,0n}
- Maoi O;j dugc xtr 1i trén may M; trong thoi gian tj; .
+ a,=J, hé théng duoc goi 1a “Job shop” ( mdi cong viéc c6 mot tap cong doan riéng),
trong do:
- Mbi cong viec J; gém mot tap m; cong doan : {O4;,0,;,...,0m}
- Mbi O;j dugc xur 1i trén may M;; trong thoi gian t; , Mi; # M;;.
d) Trwong hop «, la s6 nguyén, dwong thi m 1a hing s6 va m=«, (biét s6 luong
may cu thé)
+ a, # ¢: m 1 bién thay doi.
Hién nhién a,=1 < a,=¢ ( vi chi c6 1 may nén khong chi ra mbi quan hé giira cac
may).
4.2.3. Quan hé¢ giira cac cong viéc
Tham s6 B = { B> 5y, 55, 8., Ps ) chi mbi quan hé giira cac cong viée duge xac dinh
nhu sau:
a) B e{Putn, ¢}

+ fB,=Pnt, : mft cong viéc dang dugc thuc hién co thé bi ngz“'lt dé uwu tién
(Preemption) thuc hién mdt cong viéc khac va sau d6 nd dugc tiép tuc xu i tai cac
thoi diém tiép theo cho dén khi hoan thanh.

+ f,=¢ : chisu thyc hién cong viéc khong bi ngét.

b) p, € {Prec, Tree, ¢}
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+ f,=Prec: thtr ty uu tién thyc hién cic cong viée duoc biéu dién bang mot do thi

dinh hudng vé6i tap dinh {1,2,...,n}. Néu G 1a mot duong dinh huéng tir j —k thi ta
viét

J; <J, va doi hoi J; phai dugce két thuc trude khi J bt dau.

+ fB,=Tree: thtr ty vu tién thyc hié€n cac cong vi¢c duoc biéu dién nhu mot cay.

+ B,=¢: Khong co thu ty uu tién.

¢) B, e{r; 20,4}:

+ 7,20 nghiala r,#r, , Vi# j: cac cong viéc nhdp vao trong hé¢ thong 1 khong
ddng thoi.

+ B, =¢ nghiala r; = 0,V : cac cong viéc nhdp vao trong hé thong 1a dong thoi.
d) B, e{m, <m,p}

+ m; <m: chi cn trén cua m; (cho truong hop  «, =J)

+ 3, = ¢: khong chi ra cén trén.

e) f; e {ty=1, t<t; <t, ¢}

+ tj; =1: chi mdi cong doan thuc hién hét mot don vi thoi gian.

+1<t;; <t :chira can dudi va can trén cta ti; .

+ fs =¢ : khong chira 1 can nhu vay.
4.2.4. Mot s6 tiéu chuan toi wu

1. Coax =Max{C;}  Thoi diém cuc dai két thuc moi cong viéc.

2. C= (% )* iCi Thoi diém trung binh két thiic moi cong viéc.

=

3. F;=C;-r; Thoi gian luu lai cong viée i1 trong hé.

4. F_Z(l )* i F; Thoi gian luu lai trung binh moi cong viéc.
n i=1

5. Li=C;-q; Mtic cham tré so v6i han dinh cta cong viée i.
6. Lp—=Max{L;} Mitc cham tré cuc dai.
7. f=(l DL Muc cham tré trung binh.
n =1
8. T;=Max{0, L;} Mic cham tré khong am.

O

. Tha=Max{T;} Mic cham tré khong am cuc dai.
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n
10. Z Wi, Luogng tién phat (w; — tién phat cia cong viéc 1)
i=1
trong do 0 néu dung han
Ui =

1 néu qua han
4.2.5. Mt s6 vi du
1)Heé 1 | Prec| Loia
Cuc tiéu héa mirc cham tré cyuc dai ciia moi cong viéc trén mot may. Bai toan nay
c6 thé giai trong thoi gian da thic.

2) HeR| Puty | 3G

Cuyc tiéu hoa thoi diém két thic toan bo cong viée trén h¢ m may song song doc 1ap
trong trudng hop ngit.
3)He 3 | ;=] Conax

Cuc tiéu hoa thoi diém cuc dai két thic moi cong vi¢e trén hé 3 may vodi thoi gian
xtr 1i mdi cong doan bang mot don vi thoi gian.
4.2.6. Mt s thuit toan lap lich
- Thuat toan lap lich t6i wu cham: La thuét toan tim lich biéu téi uu, nhung thoi gian
xu 1i cham (B§ phtrc tap ham mil).
- Thuat toan lap lich t61 wu nhanh: La thuat toan tim lich biéu tbi wu nhung thoi gian
xur 1i nhanh (D§ phuec tap da thic).
- Thuét toan lap lich xdp xi nhanh: La thuat toan tim lich biéu gan dang nhung thoi
gian xur 1i nhanh (D§ phuec tap da thuc).
Noéi chung da sb cac bai toan 1ap lich thudc 16p NPC, nén chi c6 mdt s it gidi duoc
bang thuat toan tdi wu nhanh, con lai phai ta phai tim cac thuat toan x4p xi nhanh dé
tim lich biéu gan dung trong thoi gian da thic.
4.3. Mot so bai toan lap lich giai bing thuit toan lap lich t6i wu nhanh
4.3.1. Hé 1,n|| Cpax
a) Bai toén:

- Input: Cho n cong viéc 1, 2,..., n xur ly trén mot may, véi 3 tham )

r=0,d;, t;, Vi=1,2,...,n.

- Output: Lap lich biéu S ¢6 C, nh6 nhit.

b) Thiét ké thuat toan:
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D¢ thoi diém cuc dai két thic moi cong viéc 1a nhd nhat doi héi moi cong viée

nhap vao hé théng phai dugc thyuc hién ngay. Nghia 1 cong viéc nhap vao phai duoc
thuc hién sém nhat tai thoi diém t=0. Mdi hoan vi cua tap {1, 2,..., n} cong viéc cho
ta mot lich biéu. Thé tu thuc hién céc cong vige la ndi tiép nhau, thoa mén diéu kién:
Thoi diém két thiic cong viée trudc trung véi thoi diém bat dau thuc hién cong viée
tiép theo. Tom lai lich biéu t6i wu phai c6 tinh chat:
- Thoi diém bét dau b= 0.
- Lién tuc (khong cho phép ngit cong viéc).
- Lién thong (mdy lam viéc khong ngung).
Thuét todn: Tao lich biu toi uu S
Lay ngay S véi tap 1ap biéu duogc 1a {1, 2,..., n}. Cac thuc hién dugc xac dinh nhu
sau:
Begin
by:=r;:=0;
c1:=btt;:==ty;
For i:=2 to n do
Begin
bi=ci.i;
Ci:=bitt;;
End;
End;

¢) Chitng minh tinh ding din:

Phai chi ra ring lich biéu theo cach xay dung nhu trén c6 3 tiéu chuan thuc su cho
Conax 12 nho nhét.
That vay: Lich biéu S theo cach xay dung trén c6 (Cpax)s = Zti
i=1
Gia str ¢ lich biéu S’ khac lich biéu S thi (Cinax)s<(Cmax)s: (hién nhién).
d) B0 phtic tap: Phu thude vao kich thudc cia bai todn ~ O(n).
e) Vidu: Xéthe 1 | 3 vé6i cac tham sb cho trong bang:

81



Gido trinh Ly thuyét thudt todn-B6 mén Khoa hoc may tinh-2010

T/sd | 1| d; | t;
C/viée
1 014 |2
2 08 |5
3 012110

Moi hoan vi cho ta mgt lich biéu t6i vu = véi hé 3 cong viée s co 6 lich biéu toi uu.

Lich biéu S(X1,X2,X3)

T/Sé TI; di t; bi Ci

C/viéc

X 04 (2 |02
Xo 08 [5 |27
X3 012107 |17

Chax=Max {C;}=17
Tuong tu: TGB S=(x1,x3,X3) 6 Cppa=17.

432.Nhémhé 1, n| | Ly va 1,0 | | Toa

a) Biéu dién bai toan

* Bai toan 1,n | | Ly,
- Input: Cho n cong viéc 1, 2,...,n v6i 3 tham $b =0, d;, t;, Vi=1,2,...,n.
- Output: Lap lich biéu ¢6 Ly, 12 nho nhat.
Trong d6: Li=C;-d; 1a mtrc cham tré so véi han dinh ctia cong viéc i.

Limax= Max 1Li} la mic chdm tr€ cuc dai so vo1 han dinh cua cong viéc 1

1<i<n
* Bai toan 1,n | |TmaX

- Input: Cho n cong viéc 1, 2,..., n v6i 3 tham s6 1:=0, d;, t;, Vi=1,2,...,n.
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- Output: Lap lich bi€u c6 T, nho nhat.

Trong d6: T=Max{0,L;} 1a mic cham tré khong 4m clia cong viéc i.
Tmax=Max {T;} 1a mic cham tré khong 4m cuc dai.
* B dé: Bai toan 1 ,n ‘ | Lnax twong duong da thirc véi bai toan 1,n | ‘ T max
Chitng minh: Ta biét Tpu=Max;{T;} va T=Max;(0,L;)
Vay Tha—=Max;{Max(0, L;)}= max{Max;(0, L;)}= max(0, L,.x)
Do vay néu tao duoc lich biéu ¢6 T,nay 14 nho nhat thi L, cling nhé nhét va nguoc lai
= Bai toan 1 ,n ‘ | Lax va 1,n| | Tmax 12 tuong duong da thue. Vi vay ta chi can xét

mot bai toan.

b) Bai toan 1,n| | Ly,

* Thiét ké thuét toan: Lich biéu S 1 tdi vu néu nd lién tuc, diém bat dau b=0 va lién

thong, dong thoi cac cong viée dugc sip xép theo tht ty khong giam han dinh cia
ching, nghiala d,<d, <...<d,.
Begin

1. Sép xép cac cong viée theo thir tw khong giam cac han dinh cua ching

2. Tao cac thuc hién

b:=0; ci:=b+t;;
Li:=ci-dy;
For i:=2 to n do
Begin
bi:=ci.i; ¢i:=bi+t;;
Li:=ci-d;;
End;
For i:=1 to n do L, :=Max {L;};

End;

Chtmg minh tinh déing dan: Chimg minh rang lich biéu theo cach xay dung trén s& cho

L nax nh6 nhat.

Ta s& st dung mot k¥ thuat ching minh co ban trong 1y thuyét 1ap lich: Thu thudt
hodn vi ¢ chimg minh tinh dang dén cua thuat toan trén

- Gia st S 1a lich biéu ma cac cong viéc khong duoc sip xép theo thir tu ting dan cia

han dinh. Nghia 13 3k sao cho d>dy;; (*). Ta s& chirng minh ¢6 lich biéu S’ tot hon S
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- Gia s Xg va Xg41 1a hai cong viéc ing vo1 2 vi tri k va k+1 trong lich biéu S.

- Xét lich biéu S’ khac S & chd: Trong S’ céc cong viéc xi va x4 duge thuc hién
tuong Ung & cac vi tri k+1 va k.
- Trong ca hai lich biéu S va S’: Thir tu thuc hién (k-1) céng viée dau va n-(k+1) cong
viéc cudi 1a nhu nhau.
- Trong c4 hai lich biéu S va S’, diém dau va diém cudi cia n — 2 cong viéc 1a nhu
nhau = Mtc chim tré cua cic cong viéc ciing nhu nhau. Ta goi mtc chim tré 16n
nhat ctia n-2 congviéc o6 1a L.

Can chirng minh: Max{L, Ly, Ly }s < Max{L, Ly, Ly}s trong d6 Ly va L, 1a

muc cham tré cia cong Viéc Xy va X 1.

That vay: bat T=kz_1:tl. , khi do ta co:
P

Li(S)=T+t,-dy (1). S:

Li1(S)=THtHyi - dier (2). S’:

Li(S’) = T+ttt -di - (3).

Li1(S”) =T+t~ diesr - (4).

T (2) va (3) ta c6: Li(S”)<Ly+1(S) vi d>disr  (5).

Tu (2) va (4) ta ¢6: L1 (S”)<Ly+1(S) (6).

Tir (5) va (6)= Lict1(S) > Max{Li(S"),Li+1(S) }

= Max{L, Ly, L1 }s'< Max{L, Ly, Li:1}s

di,>dyes

dir1,<d

Qua d6 ta thiy S’ t6t hon S. Néu xét lich biéu S’ ma mét cip cong viéc ndao d6 thoa
mén (*) thi ta duoc S” téthon S’....

Sau hiru han budc ta duoc S* 1a tét nhat va S* 14 lich biéu t6i wu can tim.
Do phirc tap: Phu thudc vao bude sip xép cac cong viée : O(n?)

Vidu: Xéthé1 |3 véi céc tham sé cho trong bang sau:
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w(ﬂ) ri|t|d;

C/ viéc
X) 034
X, 0128
X3 0[1|3

- Sép xép cong vi¢e theo d;: X3, X1, X; €6 L= 01a TGB t8i wu can tim.
4.33.Hé 1,n| ri>0 | Cpua

H¢ ¢6 n cong viéc dugce xtr 1i trén 1 may, cac cong vi¢c nhap vao trong hé 1a khong
ddng thoi (1;>0, Vi=1, 2,...,n). Lap lich biéu dé thoi diém cuc dai két thiic moi cong
viéc 12 nho nhat

Input: ncong vigc 1, 2,...,n, véi cac tham s6 1,0, d;, t;, Vi=1,2,....n.

Output: Lap lich biéu c6 Cpx nh6 nhat, Cpa=Max; {C;}.
a) Thiét ké thuat toan

Pé thoi diém cuc dai két thuc moi cong viéc la nho nhét ta sép xép cac cong viéc
theo thtr tw khéng giam cia cac r;: r,<r, <..<r, . Nhu vy, xdy dung lich biéu tdi vu
1a sap xép cac cong viéc theo thir ty khong giam thoi diém c6 thé bat dau thyc hién
ching.

Begin

1. Sip xép cac cong viéc khong giam theo thoi diém co thé bit dau cac cong
viec : 1151, <..<r1,
by:=ry; ¢1:=b;+ty;
For i:=2 ton do
Begin
bi:=Max(c;., 17);
ci:==b;tt;;
End;
End;

b) Chirng minh tinh ding din:
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Ta ching minh rang: Néu sap x&p cac cong viéc theo thir ty khong giam cua cac 1;

thi Cppax 12 nho nhat.
That vay: Goi S 1a lich biéu khong theo thir tu trén. Tac 1a 3k: e <re (%)

Tt k’ Ci(S)
S: '
Iy k C(S)
k’ Ci(S)
T+ | |
S’
I I—Ik Cu(S)

Gia st S” khac S & chd k va k> duoc thuc hién ¢ vi tri k+1 va k twong tung. Trong
ca 2 lich biéu tht tu thuc hién (k-1) cong viéc dau va n-(k+1) cong viéc cudi 1a nhu
nhau. Trong ca 2 lich biéu diém dau va diém cudi cua n-2 cong viéc 1a nhu nhau: Ta
phai chirng minh (Cp.)s < (Crax)s
That vay:

Trong S:  Ci(S) = Max(Cy.y, 1) +ty

Ci(S) = Max(Cy(S), 1) Tt
Trong S’: Co(S’)=Max(Cy_y, Ii+1) e
Ci(S8”)=Max(Cio(S’), )+«
Néu Cy_ <y thi: Cy(S)=r+t;
Cio(S)=ritticttis
Cio(S*)=Max(Ci1, i) M1 <tict i
Cu(S”)<ritHtis Ty
= CS") < Ce(S)= (Crnax)s” < (Crnax)s
Néu Ciet 21 = (Cona)s=(Cinan)s
= RO rang S’ t6t hon S.
Néu trong S’ xét cip cong viée ndo d6 théa man (*) va chimg minh tuwong tu ta duoc
S” t6t hon S, ctr tiép tuc nhu vay thi sau httu han budc ta s¢ dugc S* tdt hon ca va S*
14 lich biéu t&i wu can tim.

¢) Do phtrc tap:  Phu thudc vao budc sip xép cac cong viée : O(n?)
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d) Vi du:
T/gian | 1; | d; | t;
C/ viéc
1 0513
2 216 |1
3 633
4 31715
5 0511
%ﬂ ri|d; |t c
C/ viéc
1 0[5(3]|3
5 0|5]|11|4
2 216 |1(5
4 3171510
3 63 3|13

= Lich biéu S (1, 5, 2, 4, 3) ¢6 Cpax=13 nho nhét.
4.4. Bai toan 1ap lich gia cong trén 2 may, thuat toan Johnson
4.4.1. Baitoan 2; F | r; >0| Cpay
Input:
- Cho n chi tiét Dy, D,....,D, lan luot gia cong trén 2 may A, B.
- Thoi gian gia cong chi tiét D; trén A 13 t,; , trén B 12 ty,;
- Trinh tu gia cong céc chi tiét trén 2 may 14 nhu nhau.
Output: Tim lich biéu(trinh tu gia céng) cac chi tiét trén 2 may sao cho viéc hoan
thanh gia cong tat ca cac chi tiét 1a som nhat co thé dugc (Cpax dat Min)
4.4.2. Thiét ké thuit toan
a) Phan tich bai toan
- Mbi lich gia cong twong tmg véi mot hodn vi ciia cac chi tiét 7 = (z(1), 7(2),...,7(n))

- Ki hidu bjx : Thoi diém bét dau chi tiét j trén may X
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Cix : Tho1 diém két thuc chi tiét j trén may X.

(X=A,B;j=1,2,...,n)

- May A bat dau thuc hién cong viéc tai thoi diém b, =r,=0.Céac cong viéc dugc
thuc hién néi tiép nhau: C, ., <b, ), ,i=23,...,n. (1)
- May B c6 thé bat dau thyc hién cong viée 7(1) ngay sau khi may A két thic cong
viéc gia cong 7z(1) vao thoi diém: b 2 Cra (2).
va bat dau gia cong chi tiét (k) (k=1, 2,..., n) sau khi cong viéc nay duoc thuc hi¢n
xong trén may A va dong thoi phai hoan thanh gia coéng chi tiét z(k-1), tic la:
b = Max(C 4t ons) » K=2,3,. (3).
- Thoi gian hoan thanh viéc gia cong tt ca cac chi tiét trén 2 may 1a C(x) = Crms -

R& rang voi 7 ¢b dinh, C(r) dat min khi tit ca cac ddu bat dang thuc & (1), (2), (3)

duoc thay bang diu dang thic:

b
b/r(k)A = Cﬂ(k—l)A 5 k = 2,3,..., n
bzr(l)B = C;r(l)A

b

(B —Max(C”(k)A, ke 1)3) k=23,.,n

Cac may sé thuc hién ngay cac cong viéc mot khi diéu kién cho phép.
b) Thiét ké thuat toan
- Néu thuc hién viéc gia cong céc chi tiét theo lich hoan vi céac cong vi¢e trén may A,
sau d6 thuc hién véi trinh ty twong Gng trén may B thi trén may B s& c6 nhiéu thoi
gian chét.
- Néu dé 2 may hoat dong lién tuc thi phai don thoi gian chét trén may B vao doan
dau (diéu nay khong lam ting thoi gian hoan thanh lich gia cong). May A bét ddu vao
thoi diém by=0

= C(7) =by,, + ZzBJ,
Jj=1

D@ thay by, =C,,,+>. thoi gian chét trén may B

= Tim Min{ by, }?
*Bé dé 1: Gia st 7 =(x())....,x(k—1), 7(k), 7(k +1),...., 7(n)) 1a mot lich gia cong con
7' 13 lich gia céng thu duoc tr 7z bang cach hoan vi 2 phan tir 7(k) va z(k+1):
m'=x),....x(k-1),7(k +1), 7(k),...., m(n)) .
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Khi d6 néu Min(a b)) < Min(b, ), a,.,) thi by, <by .,

*Bo dé2: Néui,j,kla3 chisdthéa min
min(a;, bj) <min(a;, b;)
min(aj, by) <min(a, bj)
thi min(a;, by) <min(ay, b;)
* Dinh ly Johnson (1954):
C(r) dat gid tri nho nhat khi gia cong = (z(1),7(2),...7(n)) théa main
min(a,, ;,,b,.py) < min(b, ;. ,a, ) voimoi k=1, 2,..., n-1,

Tir d6 ta c6 co so dé xay dung thuat toan nhu sau:

Gia st x =min(a;.b,) . Xét 2 truong hop:

1<i<n
1. Néu x=a,, k ty y = min(a, bj) < min(by, aj), Vj#k =Chi tiét Dy phai
duoc gia cong dau tién trong lich biéu tdi wu.
2. Néu x=b, véi p nao d6 = min(a, b)) > min(b,, a)) Vj # p = Chi tiét D,
phai dugc gia cong cudi cing.
* Thudt toan Johnson:
®. Chia cac chi tiét thanh 2 nhom:
- Nhom N, gém céc chi tiét D; thoa man a<b; tuc 1a min(a;, b;)=a;.
- Nhom N, gém céc chi tiét D; thoa man a>b; tuc 1a min(a;, b;)=b;.
Céc chi tiét D; thoa man a=b; xép vao nhom nao ciing duoc.
@. Sip xép cac chi tiét trong N, theo chiéu ting cla a; va sip xép céc chi
tiét trong N, theo chiéu giam b.
®. Nbi N, vao dudi Ny, diy thu duogc (trai—>phai) 1a lich gia cong t6i wu.
Vi du: Cho 5 chi tiét phai gia cong trén 2 may . Thoi gian gia cong céc chi tiét trén cac

may dugc cho trong bang sau:
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Chi tiét D, D, D; D, Ds
Moy

A 3 4 6 5 6

B 3 3 2 7 3

May
B
D, D, D, Ds D,
AD1 D4 D2 DS D3
I v I I O o

Két qua: Thoi gian hoan thanh viéc gia cong 13 Cpe = 26.
Chu y:

- C6 thé c6 nhiéu lich biéu t6i uu, ching co thé khac nhau vé thoi diém bat
dau ciia may B nhung déu chung nhau mot thoi diém két thic (lich biéu ’
=(Dy4, Dy, Ds, Dy, D3)).

- €6 thé ching minh duoc rang viée tim lich gia cong dudi dang mdi may mot
trinh tu gia cong riéng khong dan tdi viéc hoan thanh gia cong céac chi tiét
som hon. Vi vy thuat toan Johnson van cho két qua ding cua bai toan ma
khong can c6 gia thiét rang trinh tu gia cong trén hai may phai nhu nhau.

- Khong thé thu duge dinh 1y twong ty nhu dinh 1y Johnson cho truong hop bai
toan 3 may hodc nhiéu hon. Trong truong hop tong quat, hién nay chua co
phuong phap hiru hiéu nao dé giai chung ngoai viéc str dung phuong phap
“vét can” hoac nhanh can.

4.4.3. Mot s6 truweong hop riéng cé thé din vé bai toan 2 may
Xét bai toan gia cong n chi tiét trén 3 may theo thur tu A, B, C v61 bang thoti gian a;, by,
¢i,1=1,2,...,nthoa man: max b; <min a; hoac max b; < min ¢;

Tt 1a thoi gian gia cong cua may B kha nho so voi A hoac C.
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Khi do, lich gia cong trén 3 may s€ trung voi lich gia cong to61 wu trén hai may: may

thir nhat v6i thoi gian a; + b; va may tht hai voi thoi gian b; + ¢; (Iuu ¥ chi ¢6 lich tdi

uu cua chung 1a trung nhau con thoi gian gia cong cua ching 1a khac nhau).
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Vi du: Thoi gian gia cong 5 chi tiét trén cac may A, B, C cho béi bang sau:

Chi tiét D, D, D, D, Ds
May
A 7 11 8 7 6
B 6 5 3 5 3
C 4 12 7 8 3

Ta théy: max b; = 6 < min a; =6, do d6 bai toan dugc dan vé viéc tim lich gia cong tdi

uu trén hai may A’, B’

Lich gia cong t6i wu tim dugc la w = (D4, D, , Dy, D3, Ds) voi thoi gian hoan thanh

Crnax =49.

Chi tiét D, D, D, D, Ds
May

A’ 13 16 11 12 9

B’ 10 17 10 13 6
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