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Tim hiéu mdt s6 phwong phap giiai quyét bai toan NP - kho
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Abstract: The NP-hard problem is a very common problem in life such as the tourist problem, the backpack
packing problem, the scheduling problem, etc. However, up to now all the research At home and abroad,
we still have not found an exact solution in polynomial time to the NP-hard problem. Therefore, the
author approaches to learn some methods for solving NP-hard problems that are appropriate and highly

applicable.
Kewords: Difficult NP problem, solved

1. Pit vin dé

Bai toan NP-kho 13 bai toan thuong gip rat nhidu
trong cudc sdng nhu bai toan ngudi di du lich, bai
toan xép ba 10, bai toan xép lich,... Tuy nhién, cho
dén hién nay tit ca cac nghién ctru trong va ngoai
nude van chua tim duge 16i giai chinh xac trong thoi
gian da thirc cho bai toan NP-kho. Vi vy, tac gia tiép
can tim hiéu mot s6 phuwong phap giai quyét bai toan
NP-kho 1a phu hop va co tinh tmg dung cao.

2. N¢i dung nghién ctru
2.1. Bai toan NP-kho
2.1.1. Lop bai toan P, NP va co-NP

Dudi day 1a phan loai cac 16p cua bai todn:

Dinh nghia 1. P la I6p bai todn quyét dinh cé thé
e gidi quyét trong thoi gian da thirc.

Hay n6i cach khac, P 1a 16p cac bai toan cé thé
duogc giai mot cach nhanh chong.

Dinh nghia 2. NP la I6p bai todn quyét dinh ma
dé xdac nhdn cdu tra loi la “yes” ciia né, cé thé dua
ra bang chimg ngdn gon dé kiém tra.

Hay c6 thé n6i NP 14 16p bai toan ma c6 thé kiém
tra cau trd 101 “yes” mot cach nhanh chéng trong thoi
gian da thirc néu da c6 duoc 101 giai.

Hién nhién ta ¢6 P < NP, tuy nhién xac dinh xem
NP c P hay khéong hién van chua c6 15 giai.

Dinh nghia 3 co-NP la I6p bdi todn ma dé xdc
nhdn cdu trd loi “no” thi cé thé dwa ra bang chirng
ngdn gon dé kiém tra.

Nhu véy c6 thé thiy co-NP 1a 16p bai toan hoan
toan nguoc véi 16p NP. Co thé miéu ta mdi quan hé
gifta ba 16p bai toan trén nhu trong hinh duéi day:

CoNP NP

Hinh 2.1: Cac lop bai toan P, NP va co-NP

2.2. Khdi ni¢gm quy déin

Pinh nghia 4 Gid sit A va B la hai bai todn quyét
dinh. Ta néi bai todn A cé thé quy dan sau thoi gian
da thirc vé bai todn B néu ton tai thudt todn thoi gian
da thirc R cho phép bién doi b dir liéu vaio x ciia A
thanh bo dir liéu vao R(x) cua B sao cho x la bé dir
lieu “yes” cua A khi va chi khi R(x) la bo dir liéu
“ves” cua B.

* Thuit todn R ™ Thsat todn Yesiho
— quy danR > giai B >
Diu vio Diu vaol Diura Diura
cho A cho B cho B cho A

Hinh 2.2: So d6 qud trinh quy dan

Ky hiéu A < B duoc ding dé chi bai toan A c6 thé
quy dan vé bai toan B. Phép quy dan thuong ding
dé so sanh do kho cia hai bai toan. Néu A quy dan
dugc vé B thi A khong kho hon B. Néu A 1a kho (theo
nghia chua tim duoc thuat toan thoi gian tinh da thice
dé giai A) thi B ciing 1a kho, con néu B 1a d& (nghia
la da c6 thuat toan thoi gian tinh da thuc giai B) thi
A ciing 1a dé.

2.3. Ldp bai todan NP-ddy dii va NP-kho

Pinh nghia 5 Mot bai todn quyét dinh A dwoc goi
la NP-ddy dii néu nhuw A la bai todn trong NP va moi
bai todn trong NP déu c6 thé quy dan vé A.

Pinh nghia 6 Mot bai toan A dwoc goi la NP-kho
néu nhur sw ton tai thudt toan da thirc dé gidi no kéo
theo suw ton tai thudt toan da thire dé gidi moi bai
toan trong NP.

N6i cach khac, néu c6 thé giai mot bai toan NP-
kho nao d6 mot cach nhanh chong, thi ciing co thé
nhanh chong giai quyét bat ky mot bai toan nao khac.
Bai toan NP-kho it nhat 1a khé bang bat cir mot bai
toan nao trong NP. NP-ddy du 1a nhirng bai toan kho
nhit trong NP. Hinh duéi ddy biéu dién cach phan
16p tam thoi cac bai toan.
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NP-
kho

Co-NP . NP

Hinh 2.3: Phan lop tam thoi cac bai toan
2.4. Mpt s6 phwong phdp gidi quyét bai todn NP-
kho
Muc dich ciia bai toan t&i wu t6 hop 1a tim 101 giai
t6t nhat trong cac 10i giai c6 thé va khong gian tim
kiém 10i giai ciia bai toan 1a roi rac. Nhiéu bai toan t6
hop c() d6 phl'rc tap tinh toén lé’n va dugc phﬁn loai

.....

cho loai bai todn nay trong cac he thong song song
16n nhat ciing khong thé thuc hién trong gidi han thoi
gian cho phép, vi vay cac giai thuat heuristic, meta-
heuristic giai cac bai toan td hop theo huong Xap xi
da dugc phat trién dé tim ra 101 giai gan tdi uu trong
thoi gian chap nhan duoc.

Meta-heuristic 1a mt cach goi chung cho cac giai
thudt heuristic trong viéc giai quyet cac bai toan to
hop khé. Meta-heuristic bao gdm nhiing chién lugc
khac nhau trong viéc kham phé khong gian tim kiém
bang cach s dung nhitng phwong thirc khac nhau
va phai dat dugc su cin bang gitra tinh da dang va
chuyén sau cua khong gian tim kiém. Viéc cai dat
thanh cong mot giai thuat heuristic cho mdt bai toan
t6 hop doi hoi phai can bang giita su khai thac kinh
nghiém thu thap duoc trong qué trinh tim kiém dé xac
dinh dwoc nhimng ving vai 10i giai co chét luong cao
gan toi vu. Céc giai thuat heuristic va meta-heuristic
noi tiéng dugc biét dén nhu giai thuat mo phong
luyén kim (SA- Simulated Annealing), giai thuat di
truyén (GA - Genetic Algorithm), giai thudt toi wu
hoa dan kién (ACO — Ant Colony Optimization) ...

< Giai thuat tdi wu héa dan kién (ACO) duoc
dé xuét boi Marco Dorigo nam 1992 1a meta-heuristic
ding chién lugc cua dan kién trong thé gisi thyc dé
giai bai toan tdi uu.

« Giai thuat di truyén (GA) do John Holland
phat minh va dugc dng phat trién cing voi cac dong
nghiép va sinh vién. Giai thuat xuét phat tir phuwong
thirc xac suat dua trén y tudng tir co ché di truyén
trong sinh hoc va tién trinh tién héa trong cong dong
c4 thé cua mot loai.

«» Gidi thuidt mo phéng luyén kim (SA) Ia
phuong phép xéac sudt duoc dé xuit boi Kirkpatrick,
Gelett va Vecchi (1983) va Cerny (1985) lai s dung
tinh chat thu dugc trang thai ning lwong nho nhat
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nho nong chay va ngung tu cua kim loai trong tyr
nhién dé tim ra giai phap tot nhat cho cac loai bai
toan tdi uu nay.

Hinh sau day cho ta thay mdi lién hé giita cac k¥

thuat tim kiém

Dua trén tinh toan Dém

| Gian tiép | ‘ Trre tiép H Giai thudt luyén kim H Giai thuat tién héa ‘ Quy hoach déng ‘

E— ——
‘ Newton ‘ Tham lam | ‘ Chién luge tién hoa ‘ ‘ Giai thuat di truyén ‘
Hinh 2.4: Cdc ky thudt tim kiém
2.4.1.Giai thudt heuristic

Heuristic 12 phuong phap giai quyét vin d& bang
cach danh gia kinh nghiém va tim giai phap qua thtr
nghiém va han ché khuyét diém. Tir heuristic sur
dung trong thuét toan ding dé tim giai phap trong sb
nhing cai co thé, nhung khong dam bao rang cai t6t
nhét s& duoc tim thay, do d6 ho ¢6 thé gia dinh d6 1a
thuét toan xAp xi va khong chinh xac. Cac thuat toan
nay thuong tim ra mot giai phap gan nhu tot nhat
va thuong ching tim thiy nhanh chong va dé& dang.
Thinh thoang cac thuét toan nay c6 thé chinh xac va
thuc sy tim va giai phap tot nhat, nhung thuét toan
van duoc goi 1a heuristic, cho dén khi giai phap t6t
nhit nay dugc ching minh 1a dwa ra duoc 161 giai
t6i wu.

C6 nhiéu phuong phéap dé xay dung mot giai thuat
heuristic, trong d6 ngudi ta thuong dwa vao mot sd
nguyén ly co so sau:

“+ Nguyén ly vét can thong minh:

Trong bai toan tim kiém nao d6, khi khong gian
tim kiém 16n, ta thuong tim cach giéi han lai khong
gian tim kiém hodc thyc hién mot kiéu do tim dic
biét dua vao dic thu cta bai toan dé nhanh chong tim
ra muc tiéu.

¢ Nguyén ly tham lam:

Léy tiéu chuén t6i vu (trén pham vi toan cuc) cua
bai toan dé lam tiéu chuan chon lya hanh dong cho
pham vi cuc bo timg budc trong qué trinh tim kiém
loi giai.

s Nguyén ly thu tu:

Thyc hién hanh dong dua trén mot cAu trac thir tu
hop 1y ctia khong gian khao sat nhdm nhanh chong
dat duge mot 1o giai tt nhat.

+» Ham heuristic:

Trong viéc xdy dung cac giai thudt heuristic,
nguoi ta thuong dung cac ham Heuristic. Do 1a cac
ham danh gia tho, gia tri ctia ham phu thudc vao
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trang thdi ctia bai todn tai mdi budc gidi. Nho gia tri
nay, ta c6 thé chon duoc cac di chuyén twong ddi hop
1y trong tung budce gidi cua giai thut.

M0 hinh giai thuét heuristic tong quat nhu sau:

Select random
starting soltions

Is this
solotiom
fezsible

Initizlize comaers o
| enumerate local
transformations

Examine new ozl
transformation

Iz cost
imoroved?

Vs

Is this salution
feasible?

Teg

L—| Accept new solntion

Hinh 2.5. So d6 khoi gidi thudt heuristic tong qudt

2.4.2. Gidi thudt tim kiém dia phwong

Tim kiém dia phuong 1a mot giai thuat thudc
16p meta heuristic dién hinh va da duoc ap dung véi
nhiéu bai toan téi wu t6 hop. Y tudng cia giai thuat
nay 1a xudt phat tir mot 10 giai chip nhan dugc ban
déu (19i giai nay thoa man hét céc rang budc cia bai
buoc lap sé& di chuyén dén mot 10i giai lang giéng ctia
101 giai hién tai sao cho 10i giai lang giéng t6i wu hon
10i giai hién tai. Giai thuat két thuc néu nhu khong
tim duoc 101 giai lang giéng nao t6i wu hon 10i giai
hién tai. Diém méu chdt cia giai thuat tim kiém dia
phuong 1a xay dyung tap cac 10 giai lang giéng. Kich
thude va su da dang cua tdp nay pha1 hop 1y dé dam
bao co thé tim ra dugc 101 giai tdi wu hon trong thoi
gian cho phép.
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Gidi thuedt Local Search
I Sp +— 161 gidi Khod tao
2 Repear
3 IOy e U
4 For 5 = Neighbor_Solution5;) do
5 I (5 181 v ko 5y Btem
i sﬂ" = S;
i siop — false
i break
) EndIf
In End for
1. Tntl stop

=1
)

F. Reoturn Sﬂ

2.4.3. Giai thudt tabu search

Giai thudt tabu search duoc Fred W. Glover gioi
thiéu vao nam 1986 dé khic phuc nhiing nhugc diém
ctia tim kiém dia phuong.

Giai thuat tim kiém dia phuong dua ra mot 10
giai hop 18 ban dau cho bai toan va xét cac 10i giai
lang giéng voi hy vong tim kiém mot 10 giai tot hon
10 giai hién tai. Tim kiém dia phuong c6 xu hudng
i wu cuc b hodc 1dp rat nhidu lan khi céc 10i giai
lang giéng 1a nhu nhau. Tabu search nang cao hiéu
suat tim kiém dia phuong bang cach ndi long quy
tic co ban ctia nd. Pau tién, tabu search cho phép
di chuyén dén mot 161 giai toi hon néu nhu khong
thé tim duwoc mot 101 giai lang giéng tot hon 101 giai
hién tai (truong hop dat dén t6i wu cuc bd). Thir hai,
néu mot 101 giai tiém nang da duogc truy cap trude
d6 trong mot khoang thoi gian ngén nhat dinh thi 10
giai nay duoc dua vao danh sach cim, khong duoc
phép di chuyén tir 16 giai hién tai dén mot 1oi giai
nam trong danh sach cam.

3. Két luan

Bai bao dd giéi thiéu va tim hiéu bai toan NP
kho; Tim hiéu mét sb cach tiép can giai bai toan NP
kho; Pua ra mot sé phuong phap giai quyét cac bai
toan NP kho (theo giai thuat heuristic, tim kiém dia
phuong va tabu search)

Tir d6 c6 thé ap dung mot sé phuong phap tiép
can giai bai toan NP khé dé giai bai toan nguoi di du
lich, bai toan xép ba 16, bai toan Xép lich, cling nhu
nhiéu bai todn thuc té khéc.
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