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Ki HIEU VA Y NGHIA CAC TU VIET TAT

Viét tit Y nghia
CSP, CSPs Bai toan théa man rang budc
CLP Lap trinh Logic Rang budc
CP Lap trinh Rang budc
SGP Bai toan nguoi choi gon
SB Loai bo ddi xtng
SBDS Loai b dbi xtig trong thoi gian tim kiém
SBDD Loai bo dbi xung dua vao sy uu thé
ND K¥ thuat han ché mién
F K¥ thuét c6 dinh mot s6 tay gon
NDF Két qua t6t nhét giita ND va F
DFS Tim kiém theo chiéu sau
BT Quay lui
NC Théa mén diéu kién cho rang budc mdt ngoi
AC Thoa mén diéu kién cho rang budc hai ngoi
MOLS Tap hinh vudng Latin truc giao
MOLR Tap hinh chir nhat Latin tryc giao
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Ky hi¢u Y nghia
P Chi mot bai toan thoa man rang budc
Z hogc X Chi tap céc bién trong CSP
D Chi mién cho toan bg cic bién trong CSP
C Lap trinh Logic Rang budc
n S tay gon trong bai toan “Ngudi choi gon”
g S6 nhém trong mot tuan
s S6 phan tir trong m&i nhom
w S6 tudn dat duoc
Gi; Chi tay gon trong tuan thir i & nhoém thir /
G,j(n) Chi tay gon trong tuan thir i & nhom thir  tai vi tri n
N S6 phan tir ctia tap S
@p Dbi xtmg trong nhom (cac tay gon thay ddi)
0G Dbi ximg trong tudn (cac nhom thay doi)
ow Dbi xtmg gitra cac tuan (cac tuan thay doi)
ox Péi xting giita cac tay gon (cac tay gon hoan vi )
N(n) S6 hinh vudng 16n nhét co thé tir tap MOLS cip n
N(m *n) S6 hinh chit nhat 16n nhat c6 thé tir tap MOLR cép m xn
r MOLS(n) C6 r hinh vudng Latin truc giao cip n
r MOLR(mxn) C6 r hinh chit nhat Latin truc giao cip m xn
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PHAN I. GIOI THIEU VE LAP TRINH RANG BUQC

Lap trinh rang budc (Constraint Programming - CP) 1a mot trong nhitng phat
trién tht vi va manh mé nhét cta ngdn ngit l4p trinh trong thap ky gan dayl[53,
7,10,11,24,28,36,37]. Pugc xdy dung trén co so 1y thuyét toan hoc ving chic,
n6 dang phat trién va dic biét 1a né ciing dang thu hat sy quan tim manh mé
trong viéc ap dung vao linh vyc thuong mai, n6 tr¢ thanh phuong phap mo
hinh héa cho nhiéu loai bai toan tdi wu, cu thé 1a trong cac rang budc cé su
hén tap va cac bai toan tim kiém c6 tinh td hop.
Ly gidi cho sy quan tam trong CP that don gidn. Ngon ngr 1ap trinh ra doi
som la FORTRAN-66, rt gan voi cdu trac vat 1y cia may tinh. Vi vay, xu
hudng chinh cua ngdn ngir 1ap trinh 1a mang lai sy tw do cho nguoi 1dp trinh
ddi véi viee dinh nghia cac déi tuong va thu tuc twong tng vai cac thuc thé va
thao tac trong mién tng dung.
Ngon ngir lap trinh huéng ddi twong (Object Oriented Programming
Language) cung cip mot ky thuat t6t cho viéc khai bao cic thanh phan dé
kiém soat hanh vi ctia thyc thé trong mot mién bai toan cu thé. Tuy nhién,
ngdn ngit 14p trinh truyén thong, bao gdm ngén ngit ldp trinh hudng ddi
tugng, cung cap rt it sy hd tro vai cac thyc thé ma ngudi 1ap trinh mudn dién
ta nhitng rang budc va nhitng quan hé. Ngudi 1ap trinh mong mudn vai tro
cua ngdn nglt dé duy tri nhitng quan hé va tim ra nhiing a6i tuong thda man.
Vi dy, xét dinh luat Om sau:

U=Ix R,
Cong thirc mo ta mbi quan h¢ gitra hi¢u di¢n thé, cuong do dong dién va dién
trg. Trong ngdn ngit l4p trinh truyén théng, nguoi 1ap trinh khong thé dung

quan hé nay mot cach tryc tiép, thay vao d6 né phai duoc ma hoa thanh ciu
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1énh ma tur d6 viéc tinh toan gia tri cia mdt thanh phén dya trén 2 thanh t
con lai. Vi vay, I ¢6 thé duoc suy ra tir U va R bang cong thirc sau:

[:=U/R,
Nhung néu gia tri cua dugc tinh tir hai thanh phén con lai, mot cong thure khac
lai phat sinh:

R:=U/I,
Viéc doi hoi ngudi lap trinh mé ta va duy tri cac quan hé giita cac ddi tugng
trong 1ap trinh 14 hop 1y cho cac tng dung c6 sir dung. Tuy nhién trong nhiéu
tmg dung, van d& quan trong 1a mé hinh céc quan hé va tim ra cac ddi tuong
thoa man. Vi 1y do ¢6 ma tir cudi nhitng nam 60, di c6 nhiéu chuyén gia quan
tam dén cac ngdn ngit 1ap trinh cho phép nguoi 1ap trinh don gian hoa cac
quan hé giita cac trang thai ctua dbi twong. N6 1a vai tro thuc thi co ban nhdm
dam bao rang nhitng quan hé d6 hay nhiing rang buéc duge duy tri. Nhiing
ngon ngit nhu vay dugc coi 1a ngon ngit CP (Constraint Programming).
Ban diu nhitng ngon ngit CP chi thanh c6ng véi mot s6 phan. Chung b trg
cho mot ngdn ngit truyén thong vai viée giai quyét cac rang budc bang cac ki
thuat khéng dinh truée don gian. Nhitng ngén ngit ndy phan 16n phu thudc
vao phuong phap lan truyén cuc bo (local propagation). Phuong phap “lan
truyén cuc by” dung mdt rang budc dé gan mot gia tri vao mot bién chua biét
tur cac gia tri da biét cho cac bién khac trong rang budc. Vi du, trong dinh luat
Om c6 thé tinh toan mot gia tri R, I hodc V tir hai gi4 tri da biét. Bai toan véi
lan truyén cuc bd 1a phuong phap giai quyét rang budc giita cac quan hé yéu.
Vi dy, n6 khong thé dung dé giai cac phwong trinh xay ra dong thoi nhu X=
Y-Z va X=2Y+Z. Nhu vay viéc dua trén lan truyén cuc b cua nhiing ngén

ngit thoi ky ddu c6 hai diém yéu: Nhimng thuan loi giai quyét nhimg rang budc
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1a khong di manh va chinh ngén ngit khong dii manh dé dién ta nhimg rang
buoc.
Trong thip ky gan diy ngén ngit 1ap trinh rang budc dugc quan tim manh mé.
Hon nita, cac ngdn ngit da khic phuc duoc nhimg khé khin cta nhitng ngén
ngit trude. Chung hd tro rang budc va tich hop triét dé vao ngdn ngir 1ap trinh,
n6 cho phép ngudi ldp trinh lam viée véi bai todn & mire do cao hon, trong khi
cac k¥ thuat thyc thi & muc dudi ciing st dung k¥ thuat thich hop cho rang
budc. Viée ra doi cac ngdn ngir l4p trinh rang budc thé hé méi dap tng duoc
nhimng yéu cau cho mét lugng 16n cac ing dung.
Mot vi du don gian cho ung dung trong khi dung ngdn nglt 1ap trinh rang
budc, hiy tudng tuwong rang ban dang mua mot ngdi nha va mudn kiém tra
nhitng lya chon khac nhau ddi voi viée tra 13i. Voi mdi khoang tra 13i, tong
tién 13i don lai 1a PxI, trong d6 P 1a tong sd tién vay va I 1a ty 18 1ai suat. Lai
suat don lai duoc cong thém voi tién vay dé dat dugc mot sb tién vay m&i NP.
Néu ban dem tra R thi d6 chinh 14 s tién bi trir di. Nhu vay ta co6 phuong
trinh rang budc:
NP=P+PxI -R,
Su cam cd trong khoang thoi gian T c6 thé dugc mé ta boi viée lap lai viéc
tinh toan nay, & mdi thoi diém, cho dén khi hét thoi gian. Téng cudi cing goi
1a B cén bang.
Bai toan nay co thé tom gon trong chuong trinh sau:
mortgage(P, T, I, R, B):-
T=0,
B=P.
mortgage(P, T, I, R, B):-
T>=1,
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NT=T-1,

NP=P + P*] -R,

mortgage(NP, NT, I, R, B).
O day, rang budc mortgage chi ra quan hé giita tién von ban dau P, thoi gian
vay T, ty 1é 1ai suét I, tong sd phai 12 R va diém can bang 1a B. Luat dau tién
(3 dong dau) xir Iy truong hop khi két thiic thoi gian. Trong trudng hop nay
diém can bang chinh 14 s tién von hién tai. Luat th hai (5 dong tiép theo) xir
Iy trudng hop khi s khoang thdi gian 10n hon hodc bang 1. Trong trudng hop
nay mot thoi diém moi (NT) s& trir di 1. Khi d6 viéc thay d6i vén ciing duoc
tinh lai. Phan con lai cta viéc cho vay dugc xac dinh trén mdt lugng vay méi
va tong vén mai khi ma thoi gian giam di 1.
Chuong trinh trén duong nhu c¢6 thé dé viét trén ngdn ngit 1ap trinh truyén
thdng, vi du Pascal hay C. Thuén loi ctia chuong trinh 13, boi vi tit ca cac cau
lénh duge xem xét dudi goc d6 rang budc, né dién ta bai toan rat linh hoat.
Thuc thi chuong trinh dugc khoi tao bé‘mg cach dua ra mot dich. Vi du, néu
viéc muon $1000 trong 10 ndm véi 13i suat 10% cung véi viée phai tra $150
mot nam. Chiing ta c6 thé viét nhu sau:

mortgage(1000, 10, 10/100, 150, B).
Khi ta dua ra dich nhu trén, cau tra 16i s& 1a B=203.129, chi ra thoi diém can
bang 1a $203.129.
Mot chuong trinh twong tu c6 thé dugce ding trong nhiéu cach khac nhau. Vi
du viéc muon $150 va dén khi hét han viéc tra 14i tai thoi diém cin bang 14 0,
chung ta c6 thé dat cau hoi “Céan phai vay bao nhiéu trong vong 10 nim véi
1i suat 10% véi viée tra $150 mot nim”. Cau hoi nay c6 thé duogc viét:
mortgage(P, 10, 10/100, 150, 0).

Cau tra loi 1a P=921.685.
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Mot cau hoi phirc tap hon giita quan hé von vy ban dau, s6 tién phai tra hang
nam trong 10 nam véi 13i suat 10%. Chung ta c6 thé dua ra:
mortgage(P, 10, 10/100, R, B).

Cau tra 101 1a mot rang budoc P=0.3855*B +6.1446*R, mot quan hé gitra cac
bién P, B, va R.
Trong tat ca cac trudng hop déu duogc cing mot chuong trinh giai. Didu nay
trong phan véi 1ap trinh truyén théng khi ma trong mét chuong trinh khac
nhau c6 thé yéu cau tra 101 mot trong cac cau hoi d6. Thuc vay, viéc viét
chuong trinh tra 11 cau hoi cudi ciing qua thyuc 1a khé. Lap trinh rang budc
cho phép chung ta chi ra bai todn mdt cach rat tu nhién, va & mirc cao vdi viée
ding cac rang budc sé hoc. N6 1a cong viéc cua ngdn ngir thuc thi mic dudi
dé giai nhitng rang budc nay hon 1a cong viéc ctia ngudi lap trinh.
Vi du nay tuy don gian nhitng cling minh hoa tai sao 1ap trinh rang budc giai
quyét duge nhiéu tmg dung, bai toan trong doi séng thuc véi mo hinh phirc
tap mot cach ty nhién va hiéu qua.
S6 cong ty dau tu nghién ciru va ting dung cong nghé rang budc, hang niam,
tang 1én dang ké. Xin ké ra mot sé cong ty 1on nhu: Oracle, British Airways,
SAS, Swissair, French railway authority SNCF, Hong Kong International
Terminals, Michelin, Dassault, Ericsson, ...C6 rat nhidu cong ty cung cip cac
gidi phap dua trén rang budc nhu PeopleSoft, i2 Technologies, InSol, SAP,
Jjdedwards, Vine Solutions, ... ciing nhu c6 cic cong ty cung cip cac cong cu
dya trén rang budc nhu PeopleSoft, i2 Technologies, InSol, Vine Solutions, ...
Xin néu ra didy mot vai hé théng duoc dong goi cho phép giai cac bai toan
thoa man rang budc:

= Prolog: CHIP, ECL'PS®, SICStus Prolog, Prolog IV, GNU Prolog,

IF/Prolog
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= C/C++: CHIP++, ILOG Solver
= Java: JCK, JCL, Koalog
= Mozart
Ciing vi Iy do nay ma CP di va dang dugc dung véi nhiéu ving khac nhau
cho nhiéu bai toan trong cudc séng. Nhidu bai toan ky thuat dic biét phu hop
v6i CP vi chung thuong lién quan dén su két hop co6 trat tu trong cac hé théng
phtc tap:
= (Cac md hinh toan hoc hay Boolean, va dic biét 1a trong cac truong
hop chuén doan va thiét ké- lap luan dua trén luat.
= Mot vung l6n khac 1a 1ap lich tai chinh va trong linh vuc thuong
mai, noi ma cac ng dung thuong dugc cac chuyén gia giap do cung
v61 mo hinh toan hoc.
» Tinh toan sd, khi ma viéc giai cac rang budc da thirc can su co su
dam bao d0 chinh xac.
= Sinh hoc phén tir, chiing lién quan dén chudi DNS, va viéc xay dung
mo hinh 3D cho cac Protein.
= K¥ thuat dién tr, tim ra vi tri r0 trong mach dié€n, tinh toan sy se'ip
dat mach dién, kiém tra va tham dinh sy thiét ké.
= NOo cling dugc ing dung trong viéc xu ly ngoén ngir ty nhién (tao ra
nhitng bd phan tich ct phap hi¢u qua).
= H¢ théng dd hoa tuong tac, nham dién ta tinh chit ché vé mat hinh
hoc trong truong hop phan tich hoat canh.
= Hon nita n6 ciing dugc ap dung lién quan dén di truyén va tao ra cac
dix liéu thir cho céac giao thuc trao doi thong tin.
= Nguoi ta ciing cho rang, hau hét cac ing dung quan trong cta ngdn

ngit CP duoc ap dung cho cac bai toan mang tinh té6 hop khé, va nd
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cling 1a m§t mo hinh déy strcc manh cho viéc giai nhitng bai toan tdi
vu to hop. Vi du nhu viée phai giai quyét lién quan dén ldp bang
thoi gian (timetabling), Idp lich (scheduling), dinh tuyén (routing).
Nhitng kiéu bai toan nay rat kho dé dién ta va giai quyét trén cac
ngon ngit 1ap trinh truyén thong. Diéu nay do ching yéu ciu tim
kiém trong mot khong gian nghiém c¢& ham mil nhdm tim ra duogc
nghiém t6i wu cho bai toan. Pé dat duoc hiéu qua, cac rang budc
phai ding cac ky thuat cat khong gian tim kiém.
Trong qua trinh gidi quyét cac bai toan to hop kho, c6 hai cach tiép can truyén
thong: hodc 1a thuc hién thu coéng thudt toan sé giai chinh xac trong lap trinh
truyén théng, hodc 1a mo hinh bai toan dung thuat toan c6 sin (off the shelf)
cho 16p céc rang budc sd hoc cu thé. Han ché cia phuwong phap thir nhat 1a
viéc thiét k& no doi hoi chi phi 16n va khong dé gi bién doi khi bai toan thay
d6i. Han ché cua phuong phap tht hai 14 khong d& gi dién ta hiéu qua cac
rang budc trong mién tmg dung d mém déo va hiéu qua cho phép cac kinh
nghiém trong cic mién duoc chi ra dé giai quyét ching. Ngon ngit CP hién
dai co thé khic phuc duoc nhimg diém yéu nay bang cach cung cip mot ngdn
ngit 1ap trinh dya trén viéc giai rang budc tinh vi nhat. Diéu ndy c6 nghia la
ngudi 1ap trinh ¢ thé viét chuong trinh trong khi k¥ thuét giai chung da duoc
cung cép trong viéc thuc thi ngdn ngi.
Ching ta co thé xét mot vi du don gian sau, mot vi du rat quen thudc [1,
24,28]:

SEND
+ MORFE
MONEY

V6i mdi ky tu 1a mot sb khac nhau trong phuong trinh sb hoc.

Bai toan nay c6 thé duoc giai trong ngon ngir rang budc nhu sau:
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:— use_module(libraryi(clpfdll.

m([3,E,N,D,M,0,R, Y], Type) :-

domain([3,E,N,D,M,0,R, Y], O, 9J, % step 1
S#>0, M#>0,

all_different([3,E,N,D ,M,0,R,Y]), % step 2
sum(3,E,N,D0 . M,0,R,Y),

labeling (Type, [S,E,N,D,M,0,R,Y]). % step 3

sum(S, E, W, D, M, O, R, ¥) :-

1000#8 + 100+E + 10N + D

+ 1000+M + 100+0 + 10+R + E

#= 10000*M + 10000 + 100%N + 10+E + Y.
Trong chuong trinh trén, céc bién S, E, N, D, M, O, R va Y duoc khai bao
trong mién gia tri khoang [0,9] trong khi rang budc duoc ngudi dung dinh
nghia trong all_different() va sum(). Viéc giai cac rang budc nhu vy trong
truong s6 nguyén 1a rat nhanh nho viée 4p dung cac k¥ thuat lan truyén linh
dong. Cai gia cia tdc do trong cach giai nay 1a viéc giai khong tron ven, vi
vy chuong trinh c6 thé cho cau tra 15i khong biét, dé chi rang n6 khong biét
c6 nghiém hay khong. Trong trudng hop nay ngudi 1ap trinh c6 thé dung ham
b6 trg, labeling, ding dé tim kiém cac gia tri khac nhau trong khoang [0,9]
cho cac bién. Piéu nay c6 nghia ring chuong trinh duoc dam bao tim ra
nghiém khi no ton tai. Trong truong hop niy, labeling 1a mot ham thu vién da
dugc cung cap cho h¢ théng, nhung sirc manh ctia giai phap CP 1a ngudi lap
trinh c6 thé dinh nghia ra vi¢c giai bai toan cu thé theo cach cua riéng ho.

Trong vi du trén, néu chung ta goi:

?- mm([S,E,N,D,M,0,R, Y], [1).

L = = v = - 5 I
|
e e I e e R o v I |
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Khai niém cac bai toan thoa man diéu kién rang budc (Constraint Satisfaction
Problems - CSPs) ciing duoc chinh thirc cong nhan boi cong dong tri tué nhan
tao (Al). Ho ciing chi ra nhitng khai niém co ban cua tinh nhat quan cuc bd
(local consistency) va cac thudt toan dé giai chung. Mot cach doc 1ap, nhiéu
phuong phap khac nhau ciing da dugc hinh thanh, Mt trong s6 ching, nhu
quay lui (backtracking) dugc duwa ra tir thé ky 19, trong khi khai niém nhanh-
can (branch and bound) dugc dua ra trong ti wu to hop. Nhitng dong gop cua
CP 1a da chi ra nhitng dang méi khac nhau trong tim kiém khi két hop nhiing
k¥ thuat da biét v&i cac thuat toan lan truyén rang budc khac nhau. Mot s6 su
t6 hop dic trung cling da duoc nghién ctru trong ving t6i wu to hop.

Sy phat trién cia CSP d3 din dén su ra doi cia ngdn ngit 1ap trinh rang budc.
Trong thap nién 80, nhitng ngdn ngir CP dau tién da ra doi. Viéc quan trong la
nhing ngdén ngir nay déu dya trén nhimg nguyén 1y Lap trinh Logic. Chinh
diéu nay dan dén sy phat trién cta Lap trinh Logic Rang budc (Constraint
Logic Programming-CLP) va dugc mé rong tir ngdn ngir 14p trinh logic nhu
Prolog bang cach thay thé phép hop nhat (unification) bang viéc kiém tra viéc
thoa man rang budc dung b giai da dinh. Chung duoc bat dau tir Chau Au va
Australia trong nhitng ndm cudi thap nién 1980. Ca hai vi du ¢ trén déu duge
thé hién qua CLP. Céac bo giai khac nhau va mién img dung khac nhau s& can
dén cac ngon ngit khac nhau nhung c6 mot ki thuat danh gia chung.

Bét chap sy thanh cong cia CLP, gan ddy, mot sb ngon ngitr 1ap trinh rang
budc khac dang duge ban thao. Bao gdm: ngdn ngit rang budc dong thoi, no
ding su ké thira rang budc dé mé rong ngon ngit CLP bang cach cung cap cac
thong tin khong dong bo giita cac tac tir (agents); ngdn ngit truy van rang
bude cho co s¢ dit li€u, nd6 mo rong co so dir li€u quan hé béng cach cho phép

cac bd chua cac bien da dugc rang budc; ngdén ngir 1ap trinh ham rang budc,
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ngon ngilr 1ap trinh ménh 1€nh rang budc va bo cong cu giai rang budc hudng
d6i tugng.

Tuy nhién, Ngon ngit CLP 1a ngén ngit 1ap trinh rang budc nguyén mau.
Theo cam nhén, chiing 1a ngon ngit l4p trinh rang budc “tinh khiét” va “nho
nhét” do vé ban chat chi co thao tac nguoi lap trinh co thé thuc hién 1a viéc
dinh nghia cac rang budc moi cua ho tir nhitng rang budc cd sé da dugce trang
bi. Vi Iy do nay, viéc hiéu CP 1a cong viéc lién quan dén bat ky ngdn ngir 1ap
trinh rang budc nao.

Pic tinh nbi bat cua lap trinh rang budc la cac rang budc duogc lién két chat
ché mot cach ty nhién. N6 li€n quan mat thiét v&i cac khia canh cua toan hoc,
khoa hoc may tinh truyén théng va tri tué nhan tao. Lap trinh rang budc phéac
hoa cong viéc trong thudt toan giai quyét rang budc tir viéc tim kiém cac thao
tac, tinh toan sd va k¥ thuat giai quyét rang budc trong cac bai toan thoa min
rang budc, mét linh vuc quan trong trong tri tu¢ nhan tao. N6 cling phac hoa
nhitng k¥ thuat tir viéc thiét ké va thyuc thi ngdn ngit l4p trinh, ciing nhu 1ap

luan ty dong, dén 1y thuyét va viéc thyc thi co s dit liéu.
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PHAN II. NHUNG CO SO VE BAI TOAN THOA MAN RANG BUQC

Bai toan thoa man rang budc (Constraint Satisfaction Problem — CSP) dang
ngdy cang tré nén phd bién trong cong ddng khoa hoc may tinh ciing nhu tri
tué nhan tao. Muc dich chinh ctia phan nay 1a gidi thiéu nhing kién thirc ¢o
dong nhét cho CSPs: Nhitng dinh nghia cting véi nhitng khai niém quan trong
cho CSPs; cac ky thuat 4p dung nham bién ddi bai toan sao cho dé giai hon,

ddng thoi cling néu ra cac cach tiép can va giai CSPs [7,24,28.36].

CHUONG 1. GIOI THIEU NHUNG KHAI NIEM CO BAN
1.1. Nhirng dinh nghia quan trong trong CSP

Trong phan nay, ching ta s& néu nhiing dinh nghia quan trong trong CSP.
Trudce khi lam diéu d6, chung ta s& phai dinh nghia mién, nhin va khai niém
su théa man.
1.1.1. Pinh nghia mién va nhin
Dinh nghia 1.1:
Mién ctia mot bién 1a tap cac gia tri co thé gan tdi bién. Néu x 1a mot
bién, ta ky hi¢u Dy la mién cia x.m
Khi mién chi chira cc sb, cac bién duoc goi la bién sé. Mién cua bién
6 ¢co thé dugce han ché trong ) nguyén, hiru ti hay s0 thwe. Vi duy,
mién cua bién nguyén 1a mot tap vo han {1, 2, 3, ...}. Trong Lu4n vin
nay chi tap trung vao CSP v&i mién hitu han.
Khi mién chi chta gia tri boolean, bién s& duoc goi la bién boolean.

Khi ma mién chua kiéu liét ké cac doi tugng, bien s€ duoc goi 1a bieén
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biéu twong. Vi du, mot bién thé hién ngdy trong tudn 1a bién biéu
tuong vi mién cia n6 13 mot tap hitu han {tht hai, thtr ba, thir tu, tha
nam, thur sau, thir bay, cht nhat}.

Dinh nghia 1.2
Nhan 12 mot cap bién-gid tri thé hién ré“mg bién do da dugc gan gia tri.
Chung ta ding <x, v> dé chi rang bién x duoc gan gia tri v. <x, v> chi
c6 nghia néu v 1a mot gia tri thudc mién cla x. m

Dinh nghia 1.3
Mot phép gan nhin két hep 1a mot phép gan dong thoi cac gia tri (co
thé 1a réng) dén tap cac bién. Chung ta ky hi¢u (<xi, vi>, < X, vo>...<
Xny Vi) dé chi viéc gan két hop vy, va , ..., v, t01 X4, X5 , ..., X, tHONg
ung. m

Dinh nghia 1.4

Mot phép gan nhén k-két hop 13 mot phép gan nhan két hop dong thoi

‘ p { Deleted:

cuak gia tri toi k bien.w - { peleted:
Dinh nghia 1.5

A B\ N s A A . oas y e \ n { Deleted:

Neu m va n 1a cic so nguyén sao cho m < n, khi d6 phép chieu cia mot .~ (o0

nhan n-két hop .+ t&1 mot nhan m-két hop .«#, dugc coi nhu phép chiéu
projection(.+; .«) néu tat ca cac nhan cia .« déu cdé mat trong .1
V(<x,v, >..<x,,v, >),(Lz,w >..<z,,W >)i{X,..X, } S{z,.,2,}:

projection((< z,, W, >,...<z,,w, >),(<x,,v, >..<Xx,,v, >))=

<X,V > <X,,V, >E{<zZ,W >, <Z,,W, >}

Vi duy, (<a,1><c,3>) 1a mdt phép chiéu cua (<a,1><b,2><c,3>), cling c6 nghia
1a projection((<a,1><b,2><c,3>), (<a,1><c,3>)) la dung.

Dinh nghia 1.6
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Céc bién trong gan nhian két hop 1a tip cac bién xuit hién trong nhan
két hop do.

variables _of (< x,,v, >< X,,V, >...<X,,V, >)) = {xl,xz,...,xk}

1.1.2. Pinh nghia rang bugc

Mot rang budc 1a tap cac bién duoc han ché gia tri sao cho chung cé thé dat
duoc mot cach déng thoi. Mot cach khai niém, mot rang bude co thé duoc
xem nhu mot tap chira tat ca cac nhan két hop cho céc bién; trong thuc té,
rang budc c6 thé duoc thé hién nhiéu cach khac, vi du nhu ham, ma tran, bat
phuong trinh...
Dinh nghia 1.7
Mot rang budc trén mdt tap cac bién duoc coi nhu 13 mot tap cac nhan
két hop tuong tmg vé&i bién d6. Pé thuan tién, chung ta dung C, dé ky
hi€u cho rang budc trén tap biéncua S. m
Dinh nghia 1.8
Bién ciia rang budc 13 cac bién cua cac thanh vién trong rang budc

variables _of (C, . )= {52y 0, |

Dinh nghia 1.9

p { Deleted: n

— s —~ L é

Néu m va n la cac so6 nguyén sao cho m < n, khi mot m-rang buoc .«1a - (Deleted:

mdt subsumed-by cua n-rang buoc .+ ( dugc ky hi€u subsumed-by(.1,
.«)) néu moi phan tir . trong . # déu ton tai mot phan tir » trong .+ sao cho

¢ 3 < 'Au ﬁ .
1a phép chiéu cua
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VCy,CyM|=mA|N|=nAm<n:
subsumed —by(C,,,C,) =
V(< x,,v, >...<x,,v, >)eC, :
A< zpw >.<z,,w, >)elC,:
projection((< z,, w, > ...< z,,w, >),(<Xx,,v, >...<X,,V, >))))
O day ky hiéu [M| va |N| 1a s6 bién trong M va N. Néu chung ta 6 :
C, ={(kal><c3>),(<a4><cb6>)}

Cy ={kal><b2><c3>),(<al><b4><c3>),(<a4><b5><c,6>)}

thi subsumed-by(Cy;, Cy) 1a ding.

1.1.3. Dinh nghia sy théa man

Su thoa man (satisfies) 1a mot quan h¢ nhi phan gitta cac nhan hoac nhan két
hop véi rang budc.
Dinh nghia 1.10a
Néu cac bién trong nhan két hop X ciing chinh 14 bién trong nhan két
hop ciia rang budc C, khi d6 X satisfies C néu va chi néu X 1a mot phan

tu trong C.

satisfies((< x,,v, ><x,,v, >...<Xx,,v, >),C

X1 5X0 5o Xg )

(<X, ><Xy, 0, > <XV, >)eC

,,,,, X
Dinh nghia 1.10b

satisfies(< x,v>,C )=(<x,v>)eC,
Dinh nghia 1.11

Cho mét tap nhin két hop L va mot rang budc C sao cho bién trong C

1a tap con cua tap bién trong L, nhin két hop L satisfies rang budc C
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ncu va chi néu phép chicu cua L nén cac bien trong C la mdt phan tir

cua C.

VX)X X, 1YV €D €D eD

X 5eeesVg X °

(VS c{x,,%,,..,%, } :
satisfies((< x;,v, ><X,,V, >...<X,,v, >),C) =
(3cl € C; : projectio(< x,,v, >...<Xx,,v, >),cl)))

Vi du (<a,1><b,2><c,3><d,4>) satisfies rang buoc C.4 nc€u va chi néu

(<c,3><d,4>) 1a mot phan tir ctia C 4.

1.1.4. Pinh nghia bai toan théa man rang bugc (CSP):

Dinh nghia 1.12
Mot bai toan thoa man rang bude la mot bo ba (Z, D, (), trong d6
Z = tap hiru han bién {X1, X2, ..er Xn}3
D = mdt ham 4nh xa mdi bién trong Z t&i tap cac dbi tugng cua bién
tuong rng:
D:  Z->tap dbi twong hiru han
Chuing ta goi Dy; 12 tap ddi twong anh xa tir x; boi D. Nhu vay
D,; 14 mién cua x;
C = tap (co thé rdng) cac rang budc trén mot tap con tly ¥ cua cac bién
trong Z. Noi mot cach khac, C 1a tap cia tap cac nhan két hop.
Chung ta dung CSP(#) dé ky hiéu rang # 1 mot bai toan thoa man rang

budc. m
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Chu y sy khac nhau gitta C, va D,: C; 1a tdp cac nhan trong khi Dy 1a
tap cac gia tri. Gid tri ciia x khong han chi trong rang budc Cy, diéu d6
c6 nghia 1a <x, a> satisfies Cy , va tat ca cac rang budc chira x, bao gém
Cyx Cxyz -

Chung ta tp trung vao CSP c¢6 sb bién hitu han va mién cua chung

cling hiru han.

1.1.5. Nhiém vu trong bai toan CSP

Nhiém vu ctiia CSP 1a gan gié tri toi mdi bién sao cho chung thoa man dong
thoi tat ca cac rang budc.
Dinh nghia 1.13
Mot bd nghiém ciia mot CSP 1a mot nhan két hop cho tat ca cac bién
trong tat ca cac rang budc:

Vesp((Z,D,C)) :Vx,, %y, X, €Z:(Vv €D, €D, €D

solution _tuple((< x,,v, ><x,,v, >...<x,,v, >),(Z,D,C)) =

((Z ={x, X550 X, ) A
(Ve € C:satisfies((< x,,v, >< Xx,,V, >...<X,,V, >),C)))
CSP duoc coi la théa man néu ton tai bo nghiém. Tuy thudc vao yéu cau ung
dung, CSPs c6 thé phan loai thanh:
1. CSPs chi ra khéng ton tai nghiém.
2. CSPs chi can tim ra mdt bo nghiém bat ky

3. CSPs can tim ra toan b cic bo nghiém.

Ludn van thgc st Ldp trinh rang budc va bai toan nguoi choi gon



24

4. CSPs can tim ra mot nghiém tdi wu (ching thuong gip trong lap

lich)

1.2. CSP cho rang budc nhi phan

Dinh nghia 1.14
Mot CSP nhi phan, hay bai toan rang bugc nhi phan, 1a mét CSP chi
c6 rang budc mdt ngdi (unary) hodc hai ngoéi (binary). Mot CSP ma
rang budc khong bi gidi han trong mot hoac hai ngdi dugc coi nhu 1a
mot CSP téng quat. m

Cé mét diém khd quan trong la moi CSPs déu cé thé chuyén vé dugc dudi

dang CSP nhi phan.

1.3. Mot vai vi du

1.3.1. Bai toan N-quan hau

Pay c6 thé coi 1a bai toan kinh dién nhat trong CSP. Bdi vi nd ¢ nhiéu dic
tinh mang tinh dac thi trong CSPs. Tir d6 cac nha nghién ciru c6 thé van dung
vao viéc tim hiéu cac k¥ thuat chung cho CSP.

Chiing ta can xép n qudn hdu vao ban co vua nxn, n>2, sao cho ching khéng

tan céng lan nhau (Hinh 1.1):
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Hinh 1.1: Minh hoa mot nghiém cho bai toan 8-quan hdu
O day, ta d& dang chuyén doi sang CSP:
Bién : Z={Q1, Q2, ..., Qn} chinh Ia cac cdt
Mién :Dgi=D@:=...= Do, = {1, 2, ...,n }, chinh la cic hang
Rang bugc :
= Thi nhét, 2 quan khong cung cot

Vi @i# O
» Th hai, 2 quan khong cung duong chéo
i if0;=aand 0;=b, thenij # a-b,andi-j # b-a

No6i chung, mdt bai toan N-quan hau s€ cé khoang NN kha nang khi tim

nghiém cho bai toan.

1.3.2. Bai toan SEND+MORE=MONEY

Thay mdi ky tu sau bang nhing s khac nhau, sao cho phép tinh tong 1a ding

SEND
+ MORE
MONEY
Chuyén d6i sang CSP:
Bién :S,E,N,D,M,O,R, Y
Mién :Dg=Dg=..=Dy=1{0, 1,2, ...,9 }, chinh 13 cic hang
Rang bugc :

= Thir nhét, phép tong
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1000.58 + 100-FE + 10-N + D
+ 1000-M + 100-0 + 10-R + F
= 10000 - M + 1000-OQ <+ 100-N + 10-F + Y

= Thu hai, bat ky hai ky tu nio ciing phai khac nhau

x # yforz,y € {S,E,N,D,M,0,R, Y}
T =<1Y.

_ - 7| Formatted: Heading 2, Left, Space
Before: 3 pt, After: 3 pt, Line
spacing: single

<
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CHUONG 2. GIAI BAI TOAN THOA MAN RANG BUQC

CSPs thyc sy rat dang quan tim vi n6 xuat hién trong mot sd 16n cic tng
dung. N¢ ciing c¢6 nhimng dic tinh riéng can duoc kham pha va phat trién bang
nhing thuét toan hiéu qua riéng. Chuong nay, chung ta s& di qua tong quan
cac k¥ thuat giai CSP, chiing ta c6 thé phan thanh 3 loai: Ruit gon bai todn, tim

kiém va si tong hop nghiém.

2.1. Rut gon bai toan (Problem redution)

2.1.1 Cac dinh nghia

Dinh nghia 2.1
Chung ta goi 2 CSPs 1a twong dwong néu ching c6 chung tap bién va
bo nghi¢m:

Vesp(Z,D,C)),esp((Z',D',C")):
equivalent(Z,D,C),(Z',D',C")) =
Z =7Z'AVT :(solution _tuple(T,(Z,D,C)) <

solution _tuple(T,(Z',D',C")))
Dinh nghia 2.2

Bai toan # =(Z, D, C) dugc riut gon (reduced) thanh »=(Z’, D’, C’)

a) #va 2’ la tuong duong

b) Moi mién ctia bién trong D’ 1a tap con ciia mién bién trong D

¢) C’ duoc han ché hon hodc béng C (moi nhan Kkét hop thoa
man C’ s€ théa man C)

Chiing ta quy u6c quan h¢ giita #va #’ boi cong thic reduced(?, #'):
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Vesp(Z,D,C)),esp((Z',D',C")) :
reduced((Z,D,C),(Z',D',C")) =
equivalent((Z,D,C),(Z',D',C")) A
(VxeZ:D.c D,)A
(VSeZ:(CieC=C'sc(Cy))
Viéc rit gon bai toan chinh 1a viéc loai bo di nhitng phan tir trong rang budc
ma khong xuét hién trong bo nghiém. Chung ta ciing can dinh nghia sy du
thira gié tri va du thira nhan két hop.
Dinh nghia 2.3
Mot gid tri trong mién duoc goi 1a du thira (redundant) néu n6 khong
c6 mat trong b nghiém:
Vesp(Z,D,C)):Vxe Z:VveD, :
redundant(v,x,(Z,D,C) =
—3T : (solution _tuple(T,(Z,D,C)) A projection(T,(< x,v >)))
Nhitng gia tri nhu vay dugc goi la “redundant” béi vi viéc loai béd nd khong
lam anh hudng t61 tap nghiém.
Dinh nghia 2.4
Mot nhan két hop trong rang budc dugc goi 1a redundant néu né
khong c6 mit trong phép chiéu ctia bat ky bo nghiém nao:
Vesp((Z,D,C)):VC, e C: Vel eCy :
redundant(cl,(Z,D,C) =
—3T : (solution _tuple(T,(Z,D,C)) A projection(T, cl))

2.1.2 Viéc rit gon bai toan:
K¥ thuat rat gon bai toan dé bién d6i CSPs thanh mot bai toan khic twong

duong voi hy vong n6 dé giai hon bang cach gidm di cd cua mién va rang
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budc trong bai toan. Dicu nay 13 hoan toan lam duoc trong khi giai CSPs vi
mién va rang budc dugc dinh ro.
Rt gon bai toan lién quan dén 2 cong viée chinh:
(1) Loai bo nhitng gia trj thira tir cic mién cua bién
(2) Lam chit nhitng rang budc sao cho chi mot vai nhan két hop thoa
mén chiing, néu cic rang budc duogc coi nhur 1a cac tap thi didu nay
c6 nghia 13 loai bo cac nhan két hop du thira ra khoi rang budc. Néu
mién cua bt ky bién hodc rang budc nao 1a réng, thi co thé két luan
rang bai todn vo nghié¢m.
Rt gon bai toan yéu cau can c6 kha ning nhan ra nhimg gia tri va nhan két
hop du thira (redundant). Nhitng thong tin nhu vy co thé dugc iy tir cac
rang budc. Thuat todn rat gon s€ dugc thao luan & chuong 3.
Ciing can phai n6i thém rang viéc rat gon bai toan thuong lién quan dén viéc
bao toan sy nhat quan (consistency maintainance). Bao toan su nhit quan
cling c6 nghia I rat gon bai toan téi mot bai toan khac ¢ cac tinh chat da

duoc xac dinh.

2.1.3 Bai to4n tbi thiéu

Dinh nghia 2.5
Mot graph ctia mot CSP nhi phan duoc goi 1a graph t6i thiéu néu khong
mién nao chira gia tri du thira va khong rang budc nao chira nhin két
hop du thira. N6i mot cach khac, mdi nhan két hop trong mot rang budc

nhi phan déu xuét hién trong mot vai by nghi¢m:
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¥ esp((Z. D, CO):
minimal graph{(Z. D, C)) =
(Vxe Z (= 3dve Dy redundant(v, x, (Z, D, CN)) ~
(V G- = C (=3 de Gy redundant(c], (Z.D, C)) A

2.2. Tim kiém bd nghiém

Phan 16n 13 lyc trong viéc nghién ciru CSPs tap trung vao k¥ thuat tim kiém.
Trong phan nay, chiing ta s& mo ta mot cach co ban thuat toan tim kiém sau
d6 phan tich cac tinh chat CSPs. Cac thuat toan c6 thé duogc thiét ké dé giai

CSPs mot cach hiéu qua nho c6 duoc nhitng tinh chit nay.

2.2.1 Thuat toan quay lui don gidn (Simple Backtracking)

Thuat toan co ban dé tim kiém nghiém 13 thuit toan quay lui don gian, no
chinh 1a mot chién lugc tim kiém tong quat va dugc dung rong rii trong viéc
giai cac bai toan (Prolog dung n6 dé tra 16i cac cau hoi). Trong mot trudng
hop cu thé ciia CSPs, thao tic co ban 1a chon mot bién tai mot thoi diém va
xét mot gia tri cho nd, dam bao rang nhin duge chon d6 s& phi hop véi tit ca
cac nhin trong twong lai. Viéc gan mot gia tri vao mot bién goi 1a labelling.
Néu labelling bién hién tai v6i gid tri dwoc chon khong phi hop voi mot rang
budc nao do6, thi mot gia tri khac cé san s& duoc chon. Néu tit ca cac bién
dugc gan nhan, khi d6 bai toan dugc giai.

Boi vi thut todn quay lui (Backtracking- BT) luon ludn quay lui tai diém
quyét dinh cudi cing khi qua trinh két thuc, nén né ciing duoc goi 1a quay lui

theo mot trinh ty (chronological backtracking). Chiing ta c6 doan ma sau:
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PROCEDURE Chronolegical_Backtracking( Z, D, C );
BEGIN

BT-1(Z,{}.D,CY;
END

PROCEDURE BT-1( UNLABELLED, COMPOUND_LABEL, D, C );
M UNLABELLED is a set of vanables to be labelled; */
M COMPOUND_LABEL 15 a set of labels already committed fo %/

BEGIN
IF (UNLABELLED = { }) THEN return(COMPOUND_LABEL)
ELSE BEGIN
Pick one variable x from UNLABELLED:;
REPEAT
Pick one value v from D,;
Delete v from D,;
IF COMPOUND_LABEL + {<x v=} violates no constraints
THEM BEGIN
Result —
BT-1(UNMLABELLED - {x}, COMPOUND_LABEL +
{<xv>}, D, C);
IF (Result = NIL) THEN return{Result);
ENMD
UNTIL (D, = { });
retun(NIL); /* signifving no solution %
END / of ELSE %
END /* of BT-1%

Néu sd bién 1a n, sb rang budc la e, s6 mién 1a a cho mdi bién trong CSP. Khi
d6 c6 thé c6 a" kha niang cho bd nghiém, va do phirc tap thoi gian cho viéc
kiém tra toan bo rang budc 1a O(a"e).

Do phuc tap bd nhd cua bai toan 1a O(na). Thuat toan BT khong doi hdi bo
nhé tam thoi nhiéu hon O(n) dé luu trit nhan két hop. Vi vdy, do phirc tap
khong gian luu trir cho Chronological Backtracking 1a O(na).

Chu ¥ rang d6 phirc tap thoi gian & trén chi ra rang thuat toan s& hiéu qua hon
néu ta giam dugc a. Piéu nay c6 thé dat dugc bang cac ki thuat rit gon bai

toan. Chiing ta s& thao luan & phan sau.
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2.2.2 Khéng gian tim kiém ciia CSPs

Khong gian tim kiém 1a khong gian cua tat ca cac trang thai ma viéc tim kiém

c6 thé dat toi.
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Hinh 2.1:Khéng gian tim kiém cia thudt todn BT trong CSP(Z, D, C) khi cdc bién
khéng dwoc sdp thir tw, Z={x, y, z}, D,={a, b, ¢, d}, D,={e, f, g}, D.={p, ¢}

Chu y node ® trong hinh 2.1 thé hién trang thai khi x dwoc gan nhén a, va y
dugc chon cho viéc gan nhin nhitng van dugce duoc gan gia tri. Cha y rang
cac rang budc khong dong vai tro trong dinh nghia khong gian tim kiém, mic
du né sé& tré nén rd rang hon sau d6, n6 s& anh huong 1én khong gian tim kiém

bang thuat toan.
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Hinh 2.2: Khéng gian tim kiém cia thudt toan BT trong CSP(Z, D, C) khi cdc
bién sdp thir tw {x, y, z}, Z={x, y, z}, D,={a, b, ¢, d}, D,={e, f. g}, D.={p, q}
Cht y node ® trong hinh 2.2 thé hién trang thai khi x dugc gdn nhan a, y va z

van duoc duoc gan gia tri.
Can phdi chii y rang khong gian tim kiém sé khdc nhau néu trdt tw cdc bién

duoc scfp thir tw khac nhau.
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Hinh 2.3: Khéng gian tim kiém cia thudt toan BT trong CSP(Z, D, C) khi cdc
bién sdp thir tir {z, y, x}, Z={x, y, z}, D.={a, b, ¢, d}, D,={e, f, g}, D.-={p, q}

2.2.3 Pic tinh tdng quit ciia khong gian tim kiém trong CSPs

Chung ta can tim hiéu mot sé thudc tinh CSPs vi nd khac so véi bai toan tim

kiém tong quat dé khi giai bai toan hiéu qua hon.

(1) Cé ciia khong tim kiém 13 hiru han

S6 1a trong cay tim kiém 1a L=|D_ | D, |..|D,, |, trong &6 D, 1a mién
ctia bién x;, va | D, |1a ¢& cua mién d6. Chi y rang L khong bi anh
huong boi trat ty khi ching ta quyét dinh gan nhan cho bién. Tuy
nhién, trat ti lai anh hudng dén s nut trung gian trong khong gian tim
kiém. Vi dy, trong tong sd nut trung gian trong Hinh 2.2 1a 16, trong
khi Hinh 2.3 13 8. Téng quat hon, néu ching ta gia sir cac bién dugc sip

theo thr tu X; , X , ..., X, thi s6 nit trong cay tim kiém la:

1+z:l:1 |Dxl HDXZ ||D

o |

Vi cong thic trén, cung véi 2 vi du da néu, khong kho khan cho chiing
ta nhan ra rﬁng néu cac bién duoc sép theo trat tu khi cac mién cia no
giam dan thi s§ nit trong khong gian tim kiém s& dat gia tri 16n nhat.
D6 ciing chinh 1a bién cua c¢& trong khong gian tim kiém. Nguogc lai néu
cac bién duoc sép theo trat tu khi cic mién cua no tang dan thi s6 nat
trong khong gian tim kiém s& dat gid tri nho nhat.

Tuy nhién, c& ciia bdi todn lai bi chi phéi boi tich cudi cing:
L=/D,|D,|..|D, |, chinh 1a sb nat 14, n6 khong thay doi khi trat tu

cac bién thay doi.
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(2) Pd sau ciia cay dwoc ¢ dinh
Khi cac bién duge cb dinh, d6 siu cua cay tim kiém luén ludn béng )
bién trong bai toan. Trong ca hai vi du Hinh 2.2 va 2.3, d6 sau déu 1a 3.
Khi trat ty cta bién khong ¢ dinh, d6 sdu chinh xac 1a 2n, véi n 1a s
bién.

(3) Cac cay con tuong tu nhau
Néu chiing ta ¢6 dinh bién, khi d6 cac ciy con cung mirc s& tuong tu
nhau. Diéu nay rit c6 y nghia trong khi tim kiém mot cdy con khi
ching ta di tim kiém duogc anh em cila n6 (sé néi thém trong phan loai

b6 dbi xtimg ).

2.2.4 Két hgp tim kiém va rat gon bai toan

Hiéu qua ctia quay lui s& duoc cai thién néu mot bién co thé bi cat di khi no
khong c6 mit trong nghiém. Piéu d6 dugc gitp d& boi qua trinh rit gon bai
toan. Nhu phan trudc chung ta da biét, viéc rut gon bai toan chinh 13 qua trinh
lam giam c& mién cua bién va 1am chit rang budc. Viéc gidm cd mién ¢6 hiéu
qua tuong tuy nhu vi¢c cit b6 mot nhanh trong cay tim kiém. Viéc lam chat
rang budc c6 tiém ning giup chung ta giam khong gian tim kiém & mot trang
thai sau. Rut gon bai toan co thé duge thuc hién tai bat ky mot trang thai nao
cua tim kiém. C6 rat nhiéu chién lugc khac nhau nhim két hop viéc tim kiém

va rat gon bai toan (Chiing ta s& ndi & nhimng phan tiép theo).

2.2.5 Nhirng diém chon trong tim kiém
(1) Bién nao s& dugc chon tiép theo?
(2) Gia tri nao s& duoc chon tiép theo?

(3) Rang budc nao s& duoc kiém tra tiép theo?
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Hai lya chon dau d3 dugc xét dén. Su khac nhau trong khong gian tim kiém
s¢ dugc kham pha dudi trat ty khac nhau cua bién va gia tri. Vi rang budc co
thé dugc lan truyén, trat tu khac nhau cua bién va gia tri dugc xem xét co thé
anh huong dén hiéu qua trong thuit toan tim kiém. Diéu nay dic biét c6 ¥
nghia khi tim kiém dugc két hop voi van dé rat gon bai toan.

Véi bai toan chi can tim mot nghiém, hiéu qua tim kiém c6 thé duoc cai thién
bang cach dung heuristics- né s& chi ra nhitng nhanh trong khong tim kiém c6
kha ning nhit dé tim t&i nghiém.

Trong mot s6 bai toan, viéc kiém tra mot rang budc c6 thoa man hay khong
chi phi 1a kha 16n. Trong trudng hop do, trat ty rang budc dé kiém tra c6 thé

anh huong to1 hi€u qua bai toan.

2.1.3 Tim kiém Backtrack-free
Trong chuong 1, chiing ta da dinh nghia khai niém co ban cua rang budc va
su thoa man. Trong phan nay, chiing ta s& mé rong chung.
Dinh nghia 2.6
Mot thé hién rang budc trong mot tap bién S, ching ta ky hiéu 1a
CE(S), 1a mot tap hop cac rang budc trong S va tap cac bién con cua no.
Dinh nghia 2.7
Mot thé hién rang budc trong mot tdp con cac bién S cua CSP 2,
chung ta ky hi¢u 1a CE(S, ), 1a mét tap hop tat ca cac rang budc lién

quan trong .# tai S va tap con cua cac bién.

Y esp((Z.D, C): ¥ SCZ (CE(S, (Z.D. €)= {Cy| T2 5 a Cye O
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Nhu vay khong kho khan khi chiing ta chuyén tir (Z, D, C) thanh (Z, D,
CE(z, (zZ, D, ©))).

Dinh nghia 2.8
Mbt nhéin két hop @7 thoa man mat thé hién rang budc « néu ¢ thoa
man moi rang budc trong «:

Vesp((Z. D, O)): Vg xg ;e Z (Vg e Dﬂ.v_ae Dx;' VR E DIA-:

VS {rpxy, Lxg)
satisfles((<xpv=<xve apv). CE(S (2, D, ) =
¥y (Cpe CE(S.{Z.D,.0)) =
satisfies({~xp,v)>x v xpve), Cpll) B

Dinh nghia 2.9
Mot tim kiém trong CSP 1a mot backtrack-free khi tim kiém theo chiéu
sau khi trat tu cac bién dugc sép xép néu mdi bién duogc gan nhan, khi
d6 mot bién ludn c6 thé tim thay gia tri phi hop véi tat ca cic nhan.
T esp((Z, D, C): (¥ < total_ordering(Z, <)
backtrack-free((Z, D, C), <) =

(Vrpxg cdms Z (<275 Sy =

RriRT oy ] -
(Vve D-Tlr:‘- £ Dx_~_= e Vi € Dxm.

(satisfies( (<xpv;=... <xp v, =) CE({x}....x,} (2. D, C))) =
(Vyve Z (xp=y=3dae D,
satisfies((=xp,vp=... =1L1'm..1f',l,f'f><fl‘|;ﬂ =),
CE{{xp,...xp}. (Z. D, Chpnn A

2.2 Tong hop nghiém

Trong phan nay, ching ta s& dua ra tong quan vé giai phap tong hop nghiém
trong khi giai CSPs. Viéc tong hop nghiém gidong nhu thuét toan tim kiém,
chung kham pha dong thdi mét luc nhiéu nhanh. N6 ciing dugc xem nhu viée

rat gon bai toan khi ma rang budc doi véi tép tat ca cac bién (c6 nghia 1a n-

Ludn van thgc st Ldp trinh rang budc va bai toan nguoi choi gon



38

- { Deleted: n

chtra toan bd cac by nghiém va chi bo nghiém thoi.

Trong qua trinh tim kiém mot nghi¢m thanh phén duoc xem xét tai mot thoi
diém. Mot nhin két hop duoc mo rong bang cach thém mot nhan tai thoi diém
d6 cho dén khi mot bd nghiém dugc tim théiy hodc toan bd nhin két hop duoc
xét. Y tudng co ban cua tong hgp nghiém 14 tip hop tap tat ca cic nhan hop 1¢
cho cac tap bién 16n hon, cho dén khi tap toan bd cac bién duoc lam. Dé dam
bao tinh ding dén, thuat toan tong hop nghiém phai dam bao chic chén rang
toan bd nhan két hop khong hop 1y s& dugc loai bo khoi tap nay. Pé dam bao
tinh ddy du, thuét toan tong hop nghiém phai dam bao chic chin rang khong
nhan két hop hop 1& nao bi loai bo khoi tap nay. Ching ta xem Hinh 2.4 va

doan ma.
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Set gfall

(<X V= xg V)
which satisfy
CE{#:TI,IJ_... .,J-';.f},'lf
i.e. setofall
solution fuples partial

solution[n]

N

]

Serof all
(X V)= <X9,V53)

which satisfy /
Elrf:l_ilf_'}_,r

partial_
solution[2]
Set af all (<xp,vy=)
which satisfy
CEffxi}
partial_ Dy,

selution[1] -
&
- partial_ D:r_i-
solution[0]

PROCEDURE Maive synthesis(Z, D, C)
BEGIN
order the variables in £ as x4, X, ..., ¥
partial_solution[0] — {{}};
FORi=1tonDO
BEGIM
partial_solution[i] «— { el + <x;, vi> | ¢l = partial_solution[i—1]
~vis Dy ~cl+ <y, vi> satisfies all the constraints on
1
variables_of{cl) + % };
END

return{partial_solution[n]);
EMD 7 of Naive_synthesis %/

Hinh 2.4 Gidgi phdp téng hop nghiém
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CHUONG 3. THUAT TOAN NHAM RUT GON VA TiM KIEM LOI
GIAI CHO BAI TOAN

Do khuén khd cta Luan van khong cho phép néu hét dugc nhimng khai niém
va dic biét 1 thuat toan quan trong. Chuong nay s& néu ngan gon hai ky thuat

va thuat todn quan trong nhat cho CSPs: Rt gon va Tim kiém.

3.1. Mot s6 thuit toan nham rit gon thuit toan.

Nhu chung ta da giai thich & chuong 2, rit gon bai todn la qué trinh loai bd
nhiing gia tri va lam chat rang budc trong CSP ma khong loai bé nghiém. Y
tuong co ban 1a ching ta loai bo nhing gia tri hay nhimg nhan két hop du
thira, nhitng thanh phan khong xuét hién trong nghiém. Sau do, ching ta tiép
tuc xét dén rang budc trén tap bién S va tip cac nhin két hop hop 1€ trong S.
Nhu vdy chung ta da rat gon CSP ban dau thanh mot bai toan tuong duwong-
bai toan c6 chung bo nghiém véi bai toan ban dau- véi hy vong 1a dé giai hon.
Maic du vi¢ce rut gon bai toan rat hiém khi dat duoc nghiém, tuy nhién no6 giap
cho viéc giai CSP dé dang hon réat nhiéu. N6 c6 thé ding trong qué trinh tién
xtr 1y, tc 13 nd c6 thé duge dung trude khi bat ky ki thuat nao khac duoc ap
dung. N6 ciing co thé dugc ding trong thoi gian tim kiém — bang cach cat mot
s6 khong gian tim kiém sau khi mdi nhin d3 dugc hoan tit. Poi khi ching ta
c6 thé giam dugc mot luong dang ké khong gian tim kiém nho viée rat gon
bai toan.

Chung ta c6 thé tong quat khi ap dung rat gon véi viée tim kiém s& dat dugc
nhing diéu sau:

(1)  Giam khong tim kiém
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)

3)

3.2.

Vi ¢& ctia khong gian tim kiém duogc do bang tich ciia toan bo c& cla
mién bién trong bai toan, rut gon bai toan c6 thé giam khéng gian tim
kiém bang cach giam c& ciia mién bién.

Tranh tim kiém lap lai cac nhanh cay thira

Nhimng gia tri va nhan két hop thira duoc thé hién trén cac nhanh va cac
nhanh(path) ma s& dan dén vo nghiém. Piéu nay co thé duoc loai bo
bang viéc rut gon bai toan.

Nhan ra céc bai toan vé nghiém

Néu thuat toan rut gon bai toan tra vé& mot CSP ma c6 it nhat mot mién
rong, khi d6 c6 thé két luan rang bai toan d6 1a v nghiém ma khong
phai lam gi nira.

Va tur d6 co6 cac thuat toan thuc thi ap dung dé loai bo gia tri du thura tr
cac mién, va mot s6 cac nhin két hop tir cac rang budc nhu thuat toan
dua CSPs vé chuan dang: NC (Node-consistent), AC(arc-consistent),
DAC (Directional arc-consistent), PC (Path-consistent), DPC

(Directional path-consistent) la vo cung quan trong.

Mot s6 thuit toan nham tim kiém 16i giai cho bai toan

Nhu di gidi thiéu ¢ chuong 2 rang viéc tim kiém 1a mot trong nhing chién

lugc duge quan tim nhit trong khi giai CSP. Chiing ta c¢6 phén ra thanh céac

chién lugc tim kiém co ban sau:

(1)  Céc chién lugc tim kiém tong quat
Nhitng chién lugc ndy dugc phat trién trong nhirng tng dung
thong thuong, va né khong dung rang budc dé dat tinh hiéu qua.
Co hai chién lugc trong phan nay:

= Tim kiém quay lui tuan tu (chronological backtracking)
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2)

3)

= Tim kiém mo rong lap (iterative broadening-IB)
Céc chién lugc nhin vé phia trude (lookahead)
Chién lugc lookahead s& thuc hién viéc rat gon bai toan thong
qua viéc ap dung cac rang budc. Chién luge nay dua trén thuc té
réng bién va rang budc 1a hiru han, va rang budc co thé duoc ap
dung két hop voi nhau nhiéu 1an. C6 ba chién luoc trong phan
nay:

= Kiém tra phia truéc (Forward Checking- FC)

= AC-kiém tra phia trudc c6 dinh huéng (Directional AC-L)

= AC-kiém tra phia truéc (AC-L)
Céc chién lugc thu thap thong tin trong khi tim kiém
Chién lugc sé& ghi lai cac tinh hudng dan dén 15i bt cir khi nao
quay lui cAn dén trong thoi gian tim kiém. Diéu nay gifip ching
ta tranh dugc nhitng nhanh 151 da biét. Chién lugc nay kham pha
ra rang nhiéu cdy con twong tu v6i nhitng nhanh khac di xét. Co
hai chién lugc trong phan nay:

= Quay lui dinh hudng phu thudc (BackJumping - BJ)

= Thuat toan hoc tir phan khong gian dd xét (Learning

nogood compound labels- LNCL)
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PHAN III. BAI TOAN NGUOI CHOI GON

Bai toan “Nguoi choi gon” dd va dang dugc nhiéu sy quan tim tir cong dong
rang budc[2,6,13,14,16,20,21,25,31,34,35,39], n6 dugc dung rat nhidu dé so
sanh gitra cac k¥ thuat, cic phuong phap khac nhau trong CSPs. Trong phan
nay, phan déng goép chu yéu cta Luan vin, s& cd ging trinh bay hé thong dé
phu hop voi céc ti€u chi cho viéc gidi SGPs: cac mo hinh khéac nhau, cac ky
thuat khac nhau, cac phuong phap giai khac nhau, dong thoi s& c¢b ging so
sanh gitra chung khi c6 thé.

Chinh vi vdy, trinh bay phan nay 1a cong viéc kha kho khin. Pau tién,
Chuong 1, Luan van s€ gidi thi¢u bai toan cung véi nhiing kién thirc can thiét
cho nhitng phan sau. Chwong 2 gi6i thiéu phuong phap loai bo ddi xtimg tinh
trong bai toan vi hiu nhu cac phuong phap khac déu str dung mot phan (hodc
toan bo) cac ky thuat trong phan nay, dong thoi ciing dua ra 2 rang budc du
thira méi dé ap dung cho viéc gidi SGP. Chuong 3, Luan van ban luan vé cac
mo hinh quan trong va thuong dugc ding nhét trong cong ddng rang budc, tir
d6 ciing dwa ra nhitng vu-nhugc diém cua timg md hinh khi 4p dung giai
SGP. Chuong 4 va chiwong 5 n6i vé ki thuat loai bo dbi ximg dong khi giai
SGP, nhung do tinh déc thu cua cac phuong phap ta tach ra lam hai chuong, ¢
day néu ra hau nhu cac phuong phap dong thuong dwoc dung dé giai SGP.
Chuirong 6 13 chuong néi vé loai bo d6i ximg tinh khi giai SGP. S& di chuong
nay duoc sip xép sau vi né gdm phuong phap s& duoc so sanh véi nhitng
phuong phap di trinh bay phan trudc. Chwong 7 gi6i thiéu mot truong hop
dac bi¢t cho SGP; giai thich sy lién quan tha vi gitta SGP va hinh vuong Latin
truc giao (MOLS), dong thoi ciing dua ra mot thuat toan dé giai cho truong
hop dic biét, tir d6 rut ra mot s6 két ludn va ciling khing dinh thuat toan c6 thé

xay dung nén tip MOLS(n) trong trudng hop # 14 s6 nguyén t6.
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CHUONG 1. GIOI THIEU BAI TOAN

1.1. Giéi thiéu
Bai toan nguoi choi gon (Social Golfer Problem- SGP, hdy xem bai s6 10
trong [39]) da duoc sy cha ¥ ddc biét ciia cong dong 1ap trinh rang budc ké tir
khi né duogc gui bdi bigwind777@aol.com (Bigwind777) tai sci.op-research
nam 1998:
C6 32 nguoi choi gén mudn chia thanh 8 nhém (méi nhém c6 4 ngueoi)
cho méi tudn, sao cho hai nguoi bdt ky sé choi cing nhém véi nhau
nhiéu nhdt mét lan. Hoi ¢é t6i da bao nhiéu tuan ho cé thé choi cung
nhau?
Chung ta c6 thé chi ra rang ho khong thé choi qua 10 tuan, boi vi mdi ngudi
khi d6 s€ phai choi voi 30 nguodi va chi con lai 1 nguoi chua choi. Bai toan
nay di duoc cong dong rang budc tim ra véi 11 giai 9 tuan. Tuy nhién, thach
thirc con lai 13 ¢6 ton tai cho 101 giai 10 tudn hay khong?
Bai toan chua ding lai & d6. Ching ta c6 duoc bai toan t6i wu tong quat hon
nhu sau:

Cé n nguwoi choi gén muon chia thanh g nhém, moi nhém c6 s
nguoi (n=gxs) cho moi tudn, sao cho hai nguoi bat ky sé choi ciing
nhém véi nhau nhiéu nhat mét lan. Hoi ¢6 t6i da bao nhiéu w tuan ho
6 thé choi ciing nhau?

Bai toan co thé duoc thé hién bang bo ba g-s-w , khong kho khin dé suy ra w
< (g*s-1)/(s-1). Bai todn ngudi choi gon ban dau chinh 1a dang 8-4-w, chiing
ta can tim max {w}. Vi bd ba dai dién cho mot 16p bai dang g-s-w xudt phat tir
bai toan nguoi choi gon nén cac bai toan dang g-s-w cling dugc coi la bai toan

nguoi choi gon.
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Khi (s-1)w=gs-1, bai toan s& phai giai quyét truong hop mdi tay gon sé phai

choi v&i mdi tay gon khac diing mot 1an. Pidu ndy twong Ung véi bai todn

resolvable Balanced Incomplete Block Design, phan 1.1 trong [9].

C6 1& bai toan dugc nhiéu nguodi biét dén nhat 1a bai toan Kirkman’s

Schoolgirl, dugc dua ra (va dugc gidi) bodi Thomas Kirkman nam 1850[9,401]:
“ Mot ¢é gido phai dwa 15 hoc sinh nit dén triong hang ngay. C6 ta
muon sdp thanh 5 nhém (méi nhém 3 nguweoi). Yéu cau ciia bai todn la
sdp xép chiing sao cho trong 7 ngdy khéng cé cdp nao di véi nhau qud
mot lan”.

Bai toan Kirkman’s Schoolgirl tuong duong vé1 SGP 5-3-7. Mot nghiém cua

bai todn nhu sau:
Sun ABC DEF GHI JKL MNO
Mon |ADH BEK CIO |FLN | GJM
Tue |/AEM BHN |CGK | DIL | FJO
Wed AFlI BLO CHJ DKM EGN
Thu AGL |BDJ |[CFM [EHO | IKN
Fri AJN BIM CEL DOG FHK

Sat AKO BFG CDN| EIJ HLM

Bang 1.1
SGP ciing 1a bai toan thuc té [20], mOt thanh vién trong cau lac by cua
Melbourne, Australia, khi muén t6 chirc mét cude di dao va choi gbn trong 5
ngay ¢ sdng Murray, anh ta mudn sap xép cac cap diu hang ngay sao cho mdi
ngudi s& ddu voi ngudi méi sau mdi ngdy, van dé nay twong duong véi bai

toan g-2-5.
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Chung ta c6 thé tham khao nhitng truong hop cu thé cho SGP tai [41, 43],
nhimg két qua nay dugc giai nhd nhiéu nhimg phwong phap khac nhau (cong

ddng lap trinh rang budc, xay dung va chirng minh bang toan hoc, ...).

1.2. Nhirng van dé can giai quyét trong bai toan
Mic du viéc mé ta SGP 1a hoan toan d& hiéu, tuy nhién dé giai quyét no, hau
hét cac giai phap déu gap kho khian rat 16n ngay ca nhimg trudng hop nho. Co
hai vin dé chinh ma khi giai bai toan ta phai duwong dau véi do phirc tap 16n
do:
= Bai toan ngudi choi gon co tinh dbi xtmg rat cao.
= Céu triic quay vong rang budc nham dam bao bat ky hai ngudi choi
khéng choi ciing voi nhau (trong ciing mot nhom) qua mot lan, giy
kho khin cho viéc tao ra bo gan thanh phan hop 1y.
SGP c6 dd phuc tap bai toan la NP-hard. Chinh vi vady ma chi phi cho viéc
tinh toan s& ting rat nhanh khi ¢& cta bai toan ting lén.
Nguyén nhan chinh 1a cic bai toan trong lap trinh rang budc mang tinh d6i
xung cao, do vay viéc xur 1y tinh dbi xtng 13 phd bién va vo cing quan trong

trong qua trinh tim nghiém cho bai todn.

1.3.  Sw d6i xirng trong bai toan lap trinh rang budc

1.3.1. Pinh nghia sy dbi xirng trong CSPs

Nhiéu bai toan théa mén rang budc co tinh d6i xing: bat ky mot bo gan nao
cling c6 thé duoc bién doi thanh tap cac bo gan khac trong dwong (c6 tinh dbi
xtng voi bd ban dau). Hay noi mot cach khac, ddi xing trong CSPs 14 anh xa
tor nghiém té1 nghiém, tr khong phai la nghiém té1 khong phai l1a nghiém.

Chung 1a nhéan t6 hang dau lam giam tinh hiéu qua trong qué trinh giai CSPs,
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boi vi qua trinh tim kiém s& duyét qua nhitng ving thong tin ddi xtmg nhiéu
lan (diéu nay giam tinh hiéu qua). Nhu vay viéc loai trir dbi xtmg (symmetry
breaking-SB) ludn duoc wu tién hang dau trong qua trinh giai CSPs. SB lam
giam khong gian tim kiém ting tinh hiéu qua cho qua trinh tim 1o giai.

Chung ta hay cung xem mot vi du cho bai toan 5-quan hau, Hinh 1.2[8]:

Hinh 1.2: Bai toan 5 qudn hdu

Ky hiéu x;=/ khi quan hau ¢ hang tht i, cot thi j. Khi d6 chung ta nhan thay
rang:

= Néu chung ta d6i x,=j > x; =i thi bi todn c6 nghiém méi.

= Néu chung ta d6i x,;=j 2 xs,=j thi bai toan c6 nghiém méi.

= Néu chung ta doi x;=j > x; =6-; thi bai toan c¢6 nghiém méi.
Nhu vay chi can tir mot nghiém, chiing ta ¢ thé suy ra cac nghiém khac (c6
tinh déi xtng).
Chung ta c6 thé dinh nghia nhu sau:
Dinh nghia 1.1

V6i bat ky mot thé hién cia mot CSP #=<Z, D, C>, mdt _anh xa g nh

xa moOt phép gan nay dén mot phép gan khac sao cho:

0 Vi tat ca phép gan thanh phan, 4={v~=a;} thi g(4)={g(v=a,)}
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0 Vi tit ca phép gan diy du 4, néu 4 13 nghiém cta £ néu va chi

néu g(4) 13 nghiém cia &

Khi d6 ¢ 1a ham d6i xtng trong #. m

Trong CSPs c6 hai loai ddi xtrng d6 1a dbi ximge bién va dbi xtmg gi4 tri. Tuy

nhién ta s& quay lai phin ndy & chuong 6 trong modt muc phu hop dé eiai bai

toan SGP.

1.3.2. Cac phwong phap loai bé doi xirng
C6 hai phuong phap chinh dé loai bo di xtng trong CSPs:
= Phuong phap thir nhat, con goi 1a phuwong phap tinh (Symmetry
Breaking Statically)[3,30]. Cac rang budc duoc thém vao CSP dé tao ra
su “kiém dinh” nham ngan chan viéc tao ra nghiém ddi xung, va moi
mdt nghi€ém duoc sinh ra boi mot b gan twong tng cho 16p nghiém do,
do vay chi con lai nghiém khong ddi xtg. Phuong phép nay lam mot
cong viéc tuong ty nhu vi¢c phat biéu lai CSPs trudc khi tim kiém
nham giam khong gian tim kiém ban dau cho CSP. Mot vi du cua
phuong phap khi bai toan lién quan dén mo hinh ma tran 1a thém rang
budc theo mét trat tu tir dién nham loai bo dbi xung trong hang va cot
[17,23,38]. Diéu bét lgi cho phuong phép nay 1a viéc doi hoi nguoi giai
toan can c6 nhiéu kinh nghiém, ngay ca khi d6 viéc loai bo hoan toan
d6i xing ciing hét stc khd khian. Nhwng ciing can nhan manh rang
phirong phdp ndy rat dé dang dé két hop véi bat ky mét phirong phdp
nao khac.
= Phuong phap th hai 1a phuong phap loai b d6i xtng dong (Symmetry
Breaking Dynamically)[12,31,32,38]. N6 dugc thuc hién b?mg cach

thém rang budc trong thoi gian tim kiém nham cét bé nhitng nhanh cay
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thira ma no6 phat hién ra nho viéc cdp nhat nhiing rang budc dugc thém
vao. Trong d6, c6 hai cach tiép can 1a loai bo d6i ximg trong thoi gian
tim kiém (Symmetry Breaking During Search - SBDS)[19] va loai b6
d6i xung nho viéc nhan ra sy wu thé (Symmetry Breaking via
Dominance Detection - SBDD) [6,14,16,19,20,34]. Trude khi quay lui,
SBDS thém rang budc loai bo ddi xtng vao CSP nham loai bo moi
trang thai d6i xtmg gdy ra sy quay lui (s& khong lp lai v6i nhiing
trang thai twong ty trong tuong lai). Con véi SBDD, bét ctr khi nao
thuat toan tim kiém tao ra mot trang thai moi, n6 s€ kiém tra xem no co
bi mat “lan 4t” boi mot nit ndo d6 hay khong (sé khong lap lai véi
nhiing trang thai tuong tu trong qua kh).

Nhu viy, tat ca cac hudng tiép can trén ddy déu nham tranh nhitng phan d6i

ximg, nham tim ra mot nghiém trong tip nghiém ddi xtng, dé tir d6 chung ta

c6 thé phuc hdi toan bd nghiém nhd tinh déi xing. Diéu nay 1am ting tinh

hidu qua trong qua trinh tim kiém nghiém vi khong gian tim kiém 1 rat 16n.

1.4. Sy ddi xirng trong SGP
Nhu trén da n6i (phan 1.2) SGP cé hai kho khan chinh, trong d6 kho khan thi
hai 14 do yéu cdu ctia bai toan, ta khong thé thay doi dugc yéu cau dé. Trong
Luan vin nay s& tap trung gidi quyét kho khan thir nhat, d6 chinh 1a tinh d6i
xung cao trong SGP.
SGP dugc dai dién boi b ba g-s-w. Bai toan c6 (s!)*"(g!)"w!(gs)! dbi xtng
(con sd nay sé& ting lén rat nhanh theo c& cua bai toan). Khi giai CSPs ¢o
nhimg muc dich can chi ra:

= (CSPs c6 nghi¢m hay khong

= Mot nghiém (bit ké nghiém nao)
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= Tét ca cac nghiém
= Nghiém ti uvu
Tuy theo yéu cau cta bai toan, nhiéu khi khong can phai loai bo toan bo dbi
xung trong bai toan; ma co khi chi quan tdm dén viéc phat hién ra nghiém
cang nhanh cang t6t (nhu thach thic cua SGP 8-4-w, w=10?). Nhu vay ¢ day
can co sy thoa hiép gitra chi phi dung dé loai bé d6i xtng va viéc tiét kiém
nhitng cong viéc phai lam. Ngoai ra, ndi chung, loai bo duge dbi xting cang
som cang tot.
Chung ta c6 riéng dinh nghia ddi ximg cho SGP[20]:
Dinh nghia 1.2
Hai nghi¢m cia SGP dugc coi la twong duong néu mot nghiém dat
dugc tir nghiém con lai néu ap dung bat ky mot chudi trong cac thao tac
sau day:
1. Cac tay gon trong nhom c6 thé bi thay ddi (op)
2. Cac nhom trong tuan c6 thé bi thay ddi (o)
3. Céc tuan c6 thé bi thay d6i (o)

4. Tén céc tay gon c6 thé bi thay doi (c6 n/ hoan vi) (0x). m
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CHUONG 2. LOAI BO POI XUNG BANG PHUONG PHAP TINH
TRONG BAI TOAN SGP

Khi giai bai toan SGP néi riéng va CSPs ndi chung thuong ching ta gap phai
tinh chat dbi ximg trong nghiém (trong ca rang budc [8]), khi d6 c6 hai cach
loai bo d6i xtng: tinh va dong. Tinh 14 phuong phéap thém rang budc trude khi
tim kiém nghiém, con dong 1a phuong phap thém rang budc trude khi tim
kiém nghiém. Trong phan nay s& gi6i thiéu phuong phap tinh trong viéc loai
bo dbi xtmg ddi vai riéng bai toan SGP. Phan nay duoc gidi thiéu trude vi hau
hét cac phuong phap va cac mé hinh it nhiéu déu str dung chung.

2.1 Loai b ddi xirng tinh co ban

Ta goi day 1a nhitng ddi xing tinh co ban vi né dugc sir dung boi hau hét
trong cac mo hinh rang budc [2,3,6,13,14,16,19,20,34].

SGP duoc thé hién boi bd ba g-s-w:

Ta goi G;; < {1,2,...,n} thé hién s tay gon & nhém thtr j (1 < < g) trong tuan
thiri (1 <i<w). Tu do ta co:

Do céc nhom trong tudn khong c6 chung bt ctr cu thu ndo, nén G; NG =0.
Do 2 tay goén khong thé gap nhau qua mot lan do vdy cac nhoém ciing khong

chung qua m(f)tphﬁntfr 1<i<i'<w,1<j<j'<g |G, NG, [<].

11213 41516 71819
11417 21518 31619
11519 21617 3148
11618 21419 31517
Bang 2.1: Mot loi giai bai toan cho truong hop 3-3-4
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Sau déy la nhitng rang budc dé loai bo ddi xtng:

= C0 dinh tudn thtr nhat.
Véi mdi G,; c6 thé duge cb dinh boi { ig+l, ..., i.(g+1)}, vi du trong
truong hop bai toan 1a 3-3-w, nhom G, ; chinh 1a {4,5,6}.
Bai toan chi con w.(s/)%.(g!) d6i xtimg!

= Poi xitng 1 (gp) c6 thé duogc loai bo bang cach thiét lap trat ty bén trong
mdi nhém (ting dan).
DPoi xitng 2 (g) cb thé duogc loai bo bang cach thiét 1ap trat tu gitra cac
nhom trong tuan:
Goi MI;; 1a phan tir nh6 nhit trong Gi,j. Sau d6, v6i mdi tuan i, ching
ta thém rang budc M1;; < M1;;+; (cho moi j < s). Trong bang 2.1 phan
tir nho nhét trong nhém 1 13 1, nhém 2 1a 2 (trir tuan dau 1a 4) va nhom
31a 3 (trir tudn dau 1a 7)

= Poi xitng 3 (pw) co thé duoc loai bo bang mot cach twong ti nho thiét
lap rang budc giita cac tuan:
Budc M1, (tay gon dau tién trong nhoém thr nhat) 1a 1, va goi phan tir
nho thu hai trong G, ; 1a M2,. Chung ta lai thém rang budc M2; < M2,
(cho moi i < w). Trong bang 2.1 phan tir nho thir hai trong nhém 1 cua
tuan 1 1a 2, phan tir nhé thir hai trong nhém 1 ciia tuan 2 14 4 va cho
tuan 313 5, tudn 4 12 6.

= Nhom dau tién cua tuan thir 2 ¢6 thé duge ¢ dinh véi nhiing tay gon
nho nhat c¢6 thé {1,s+1, ...,(g-1)s+1}.
Vi du nhu trong bang 2.1, nhom déu tién trong tuan thir hai 1a {1, 4, 7}.

= Cac tay gon dau tién trong s nhém dau cia mdi tuan (tir tudn tha 2)
cling co thé duoc ¢ dinh voi cac gia tri nho nhét theo mot trat tu

(chung la céc tay gon 1...s)
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Trong bang 2.1, tuan th{ hai tro di, tay goén 1 ludn & nhém sé 1, tay gon
2 luén ¢ nhém sb 2, va tay gon 3 ludn & nhém sé 3.

That khong may, khi két hop tat ca cac ki thuat trén van khong loai hét
dugc dbi xtng giira cac tay gon (d6i xung 4). Chung ta hdy xem vi du

sau [6], voi truong hop 5-2-2, cho 2 nghiém:

12(34|56|78|910 12(34(56|78|910
13(24|57]69|810 13[25]/46|79|810

Ca hai nghi€ém trén déu théa méan moi rang budc loai bo ddi xung & trén
nhung nghiém thir hai c6 thé duoc suy ra tir nghiém thir nhét thong qua céac
ham sau:
Dx={1-7,2—-8,3-59,4—10, 5—>1, 652, 73, 84,95, 106}
D= {1—4,2—5,3—>1,4-2,5-3}
Dw={1—1,2-2}
= Nhu viy, doi ximg thir 4 (px) khé xtr Iy hon rat nhiéu, ching can ky
thut loai bo ddi xtmg bang phwong phap dong: SBDS hay SBDD.
Chung ta s& thao luan ching & phan sau.
Can cha ¥ rang khi ap dung tat ca cac k¥ thudt va cic rang budc trén déu
khong 1am mét tinh bao toan nghiém ctia bai toan (c6 nghia 1a néu bai toan c6
nghiém thi khi ap dung cac k¥ thuat trén s€ van cé nghiém. Va nguoc lai, khi
bai toan khong c6 nghiém khi 4ap dung cac ky thuat trén s& van khong co
nghi¢m).
2.2 Loai bé doi xirng tinh bang k¥ thuat han ché mién (ND)
Ta c6 dua ra mQt rang budc du thira méi cho bai todn nay. Hay cuing xem bai
toan khi ¢ dang 5-4-w:

Tuan dau tién
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{{1,2,3,4},{5,6,7,8},{9,10,11,12},{13,14,15,16},{17,18,19,20} }
va mot tuan bat ky trong bai toan s& c6 dang
{{1,2,2,7},{2,2,2,2},{3,2,2,7},{4,2,2,7},{2,2,2,7} }
Hiy coi G, (k) 1a phan tir thit k trong nhoém G, (dwoc sap theo trdt ty ting)
trong mo6 hinh CLP(FD) (Constraint Logic Programming over Finite Domains
[29]). Tir nhan xét ring G;,(3) khong thé nhan gia tri trong {17,18,19,20};
néu khong, mién ctia G;»(4) s& rong ( vi G;2(3)< G:2(4) ). Vi vay G;(3) s&
phai nho hon 17. Tuong tu nhu vdy, néu G;,(3) nhan gia tri trong {5,6,7,8}
mién cta G;,(2) s&rong. Vi vay ta rat ra két luan:
8<G;2(3) <17
Bang cach 1ap luan twong tu: 4 < G;»(2) <13
12<G;y(4) <21
Mot cach tong quat ching ta c6 cong thirc sau:
s*(k-1) < G;j(k) < n-s*(s-k)+1,
1<k<s,1<j<g, 1<i<w
Chu y khi bai toan c6 dang g-g-w, mdi bién c6 mién dwoc gidi han chi trong g
gia tri (twong tmg voi nhém & trong tuan thir nhat). Vi du, trong bang 2.2, bai
toan dang 4-4-w, G;3(2) c6 mién tuong tmg 13 {5,6,7.8}, G;3(3) mién tuong
tmg 1a {9,10,11,12}, va G 3(4) mién twong tng 1a {13,14,15,16}.

213141 /516(7[8] [9[10[11[12]| [13]14[15]16
2 3 4
2 312 1?2 [? 4
Badng 2.2: SGP cho truong hop 4-4-w

Can nhan manh lai rang, k¥ thuat nay 1a thém rang budc du thira. Didu d6 co

nghia 14 k¥ thut nay bao toan nghiém (khong lam mat nghiém). Ciing tir k¥
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thuat nay, ta c6 y tuong cho viéc giai SGP trong truong hop dac bi¢t p-p-
(p+1) khi p 1a nguyén tb trong chuong 7.

2.3 Loai bé dbi xirng tinh bang k¥ thuit c6 dinh mjt s6 tay gon (Fixing
Players-F)

Kich ¢& cta cdy tim kiém chinh 13 khong gian tim kiém. Do vdy cang han ché
dugc nhiéu nhanh ciy (bang cich thém cac rang budc) thi khong gian tim
kiém s& cang nho di. Pidu dic biét quan trong 13 cang loai bé nhanh ciy &
mirc cang thap (gan gbc) thi hiéu qua cang cao (khong gian tim kiém cang
nho di). Piéu nay 1y giai tai sao mot s6 16n cac rang budc tap trung vao tudn
thir 2 (phan 2.1).

Trong phan nay, ciing dua ra mot rang budc nita cho tuan thr hai. Do céc tay
gbn ¢ nhém cudi trong tuan thir nhat s& ludén ludn 1a phan tir cudi ciing ciia
cac nhom ké tir tuan th hai tré di (vi cac nhom duoc sap theo thir ty ting
dan). Chinh vi vy ma ta c6 dé xuat thém rang budc cho tuan thir hai nhu sau:
Céc tay gon trong nhom cudi cling & tuan thir nhat duoc gan 1an luot (theo trat
tir ting dan) vao cac nhom cudi cua tuan thtr hai (xem bang 2.3, cac phan tir

10, 11, 12 duge cb dinh trong tuan tha 2)

112(3] [4[5] 6] 71819 [10]11]12
11417 [212110]) [3[2111) [ 21212
Badng 2.3: Ky thudt cé dinh phan tir cho trwong hop 4-3-w

Han nhién, n6 1a k¥ thuat khong bao toan nghiém cho truong hop g < s (Béo
toan cho truong hop g=s). Nhung ciing thit ngac nhién, thyuc té né lai rat hiéu
qua trong nhiéu truong hop. T4t nhién & day c6 su thoa thuin giita tinh bao

toan nghiém va tinh hiéu qua.
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CHUONG, 3. CAC MO HINH CUNG PHUONG PHAP GIAI SGP -~

S& di phan nay dugc gidi thiéu sau Chuong 2 1a vi hau hét cac mé hinh déu s
dung nhiing k¥ thuat loai bé ddi xtng tinh (phan 2.1). SGP ¢6 nhiéu mé hinh.
Pay ciing 1a mot 1y do tai sao SGP tao dugc sy thi vi. Trong phan nay ta can
quan tim dén hai van dé, d6 1a mé hinh héa bai toan va phuong phéap giai (ky
thuat, thuat toan). M6 hinh héa bai toan lién quan dén hai van dé: chon bién
va chon rang bugc. Trong thuc té, thi hai vin dé nay gén nhu nhau vi viéc
chon bién phu thude rat 1én vao viéc chon rang bugc. Ta sé& théy, SGP ¢6
nhiéu cach mé hinh khac nhau, diéu quan trong 13 mé hinh ndo c6 rang budc

dé thyc thi trong méi truong lap trinh rang budc.

/{ Deleted: §

Mot vi du viét bang ECL'PS® trong [39] c6 thé tim tai [42] dung bién tap (gia
tri cua bién 1a mot tap) dé thé hién cho mdi nhom trong mdi tudn. Thuc té,
day 1a mot y tuong tt, nham loai bo ddi xtng trong nhém (@p), cac nhom khi
d6 dugc coi nhu 1a mot danh sach hay mot mang. Nhu vay ching ta ¢ thé thé
hién moé hinh bai toan:

= Bién: Nhom dugc thé hi¢én nhu mdt mang cua cac mang cac bién tap:

Group[k][i] 1a nhém thtr i cua tuan thi £. [ Formatted: Font: 14 pt
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* Trudng hop 8-4-5 khong tim thay 10i giai trong nhiéu gio.
= Chi ra dugc truong hop 4-3-5 khong c¢6 nghiém trong 5800 giay.
C6 thé rat ra nhan xét rang diém bat loi ciia mo hinh nay 1a viéc gip kho khin

khi thém céc rang budc dé loai bé doi xing.

3.2 Mo hinh dung bién nguyén
Mot mé hinh khac 13 mé hinh dung bién nguyén. Trong mé hinh nay, ching
ta cling can xac dinh:
= Bién: 1a mang s nguyén playInWeek. N6 ding dé chura tat ca cac kha
ning cta cac cip khi choi v6i nhau, vi du, cap sb 1 1a giita tay gon 7 va
tay gon 2, cap sb 2 1a giira tay gon / va tay gon 3, ... va cip cudi cung
giita tay gon n-/ va tay gon n. C6 (n-1)*n/2 bién nhu vay. Gia tri dugc
gan cho bién playInWeek[pair(i,j)], no tra vé s6 tudn ma pair(i,j) gip
nhau.
= Rang bugc: chiing ta phai d6i mat véi viée biéu dién rang budc trong
mo hinh nay.

0 Chung ta can mot lugng 16n cac rang budc dé dam bao tinh bic
cau: néu 7, j choi cung voi nhau trong tuan k va j, I choi cing véi
nhau trong tuan k, thi khi d6 i, / ciing choi cting v6i nhau.

0 Chung ta ciing can rang budc dé dam bao rang mdi tay gon s&

choi v6i s-1 tay gon khac trong mdi tudn. Chung ta cin nhiing
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rang budc nhu vay cho moi tay gon trong moi tuan, hon 1a cho
cac nhom nhu mo hinh trudc. Hay ndi mét cach khac, moé hinh
khong can rang budc dé dam bao mdi cip tay gon dugc gan
chung mét nhém nhiéu nhat mot 1an.

0 Chung ta ciing c6 thé ding rang budc dé loai bo dbi xtimg giira
cac tuan. Chiing ta goi j 1a tay gén nho nhét choi véi tay gon 1 ¢
tuan tht k, playInWeek|[pair(1,j)]=k, va [ 1a tay gon nho nhét
choi voi tay gon 1 & tudn thi k+1, playInWeek[pair(1,j)|=k+1,
khi do j<I.

Rang budc cho tuan thir nhat cling dwoc md hinh nay st dung, tuy nhién s&
khong c6 khai nhi¢ém nhom tha nhét, nhom thir 2, ...
Mo hinh nay it tinh d6i xttng hon mé hinh tap. Chiing khong c6 ddi xung giita
cac thanh vién trong nhom, va ciing mat sy dbi xtmg giira cac nhom trong
tuan vi thuc t& nhom khong dugc thé hién trong mé hinh nay.
Véi mo hinh nay, két qua nhu sau:
* Chi ra dugc truong hop 4-3-5 khong c6 nghiém trong 570 gidy (nhanh
hon 10 1an so véi mé hinh trude)
= Tuy nhién s6 rang budc dam bao tinh bic ciu sé& ting 1én rat nhanh va
doi hoi nhidu khong gian by nhd. Chinh diéu nidy ma mé hinh khong
thé SGP cho trudng hop 8-4-9.

3.3 Mo hinh két hop giira bién tip va bién nguyén
Kho khin chinh cia mé hinh bién nguyén 1a viéc md ta rang budc bic cau.
Tuy nhién né lai khong xuit hién & mé hinh tip, boi vi cac tay gon choi véi

nhau trong moét nhom duoc sip tyr dong trong ciing mot tap, va trong md hinh
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bién nguyén thi lai khong thé hién nhém. Vi vay ching ta c6 thé két hop hai
mo hinh dé giai quyét bai toan.
= Bién: PlayWith[i][k] dé chi tap cic tay gon choi clng tay gon i trong
tudn tht & (bao gdm chinh tay gon 7). Chu ¥ rang bién tap nay khac véi
md hinh tip ban dau (mot tay gon cho mdi tuan thay cho méi nhém cho
mdi tuan). Do d6, chiing ta tranh dugc ddi xtng trong nhom.
= Rang bugc:

0 Pé dam bao c& ciia mdi nhém 14 s, ching ta c6 thé dung bién
PlayWith hoic playInWith. M6 hinh khong can bat ky rang
budc bic ciu nao

0 Do chiing ta dung bién playInWith, nén khong phai dung rang
budc dé mo ta mdi cap gap nhau nhiéu nhat mot lan.

Chung ta can rang budc dé ndi 2 tap bién:

o Cap (i, j) choi cing véi nhau trong tuan k néu va chi néu
PlayWith [i][k] = PlayWith[j][Kk]

0 Cip (i, j) khong gip nhau trong tuan & néu va chi néu PlayWith
[il[k] N PlayWith[j][k] = &

Két qua cho 3 mé hinh, déu duoc chay trén cing may PC Pentium/166MHz,
chung ta c6 thé xem Bang 3.1, & d6 cot “QL” dé chi khi tim kiém nghiém

chuong trinh phai thyc hién s6 lan quay lui (15i).

S6 tuan M6 hinh tdp M6 hinh nguyénMo hinh két hop
... | QL |(Gidy QL |Gidy| QL | Giay
22 10.03] 16 | 011 ] 16 |O0.11
36 10.04| 107 | 027 | 95 |0.26
91 |0.10] 91 | 057 | 89 | 0.51
27442825800 72544 | 570 | 51208 | 350

(U, BN R OS I O]

Bdng 3.1: Két qud ciia 3 mé hinh cho badi todn 4-3-w
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3.4 Mo hinh AMPL
Mo hinh nay c6 & phan “Model” trong [38]. Ta dién ta lai d& mo hinh cia bai
toan dé nhin hon.
Mo ta bai toan bang cach dung lap trinh tuyén tinh voi bién chi nhan gia tri 0-
1.
# AMPL model of "Maximum socializing on the 41 course'
# June 8, 1998, J.P. Walser, Programming Systems Lab
= Bién:
0 set Players ordered := { 1..32 } ;
0 set Foursomes ordered := { 1..card(Players)/4 };
0 set Weeks ordered := { 1..8 } ;
0 P[if,f]=1 néu va chi néu tay gbn i trong nhom & tuan thir 7.
0 M[ij,f]=1 néu va chi néu tay gon i gip tay gon j & tuan thi ¢, i<j
(M[i,j,#] duge coi nhu bién bd tro)
= Rang bujc:
0 Mbi tay gon phai tham gia mot nhom trong mdi tudn, c6 nghia la:
Lt in Foursomes P[LE,t] = 15
0 Madi nhém cé chinh x4c 4 tay gon, c6 nghia la:
2t in Players P[1L,E,t] = 4;
0 Kétnbi hai bién M va P, biéu dién né nhu sau:
P[i,£,t]+P[},ft] - M[1,j,t] < 1;
11in Players, j in Players, f in Foursomes, t in Weeks: i<j
0 Pé dam bao 2 tay gon bat ky gip nhau nhiéu nhat 1 1an, diéu nay
co6 nghia la:

z:t in Weeks M[iajat] < la
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11in Players, j in Players: i<j
0 C6 dinh tuan thir nhat
fix { p in Players } P[p,int((p-1)/4)+1,1] :=1;
0 Thém rang bugc loai bo doi xung
fix { p in Players, t in Weeks: t>=2 and p <=4 } P[p,p,t] = 1;
Chung ta ¢6 thé tinh dwgc 5152 bién nhi phan va 22652 rang budc.
V6i mo hinh nay dung Local Search cho ta két qua nhu sau:
* Tim ra 101 gidi cho 8-4-7 trong vong 30 giay
= Tim ra 10 giai cho 8-4-8 trong thoi gian vai gid. Nghiém duoc thé hién

trong [39]
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CHUONG. 4. LOAI BO POI XUNG BANG PHUONG PHAP THEM

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

RANG BUQC TRONG THOI GIAN TiM KIEM CHO SGP

Nhu phan truée da gioi thiéu (Chwong 1 va 2), phuong phap dong 1a phuong
phap loai bo ddi ximg trong qua trinh tim kiém nghiém. Trong phuong phap
nay c6 hai cach tiép can chinh 1a: loai bo ddi xtmg trong thdi gian tim kiém
(Symmetry Breaking During Search - SBDS)[19] va loai bé ddi xtng nhd

viéc nhdn ra sy uwu thé (Symmetry Breaking via Dominance Detection -

b6 d6i xtng duogc ap dung chung cho CSPs, nén no ciing duoc ap dung cho

SGP, vi SGP thudc 16p CSPs.

4.1 Phuong phap SBDS

4.1.1 Giéi thiéu SBDS

Trong bai [19], Smith B. da gidi thi€u phuong phap SBDS va chirng minh
tinh dung dan va dam bao tra vé mot nghiém duy nhét tir tap cac nghiém ddi
xung voi nd. Ba da 4p dung phuong phép nay vao bai todn n-quan hau va mot
sO bai khac trong 1ap trinh rang budc. Dy 1a mot bai rat tuyét voi dé tham
khao. Trong phan nay chi néu nhitng y chinh dé ap dung vao SGP, va bai toan
cling chinh dugc Smith giai [35].

Chung ta nhan thdy rang mot tinh chat vo cling quan trong cua déi xtng 1a n6
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Hinh 4.1: Phuong phdp SBDS trong khi tim kiem nghiém o

Chung ta hay xem hoat dong phuong phéap thong qua bai toan 8-quan hau. Gia
str phép gan dau tién cua chung ta 1a v;=2, c6 nghia 1a quan hau tai hang dau
tién & cot s6 2. Trong bai toan 8-quin hau co6 7 ddi xtmg: quay 90°, 180°,
270°, su phan xa theo chiéu ngang, chidu doc va qua hai dudng chéo chinh. Vi
du khi v,;=2, ta c6 nghiém d6i xing twong tmg véi 7 dbi xtng trén mot cach
tuong Ung la v,=8, vg=7, v;=1, vg=2, v,=7, v,=1 va v;=8. Trong do6 4 gia tri
cudi twong thich v6i v,=2, nén ching khong duoc xét trong nhanh nay (cit

nhanh du thira). Nhu vay chung ta biét ngay 1a dbi xting bang phép quay
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khong bi loai bo boi phép gan nay. Hinh 4.2 minh hoa nghiém déi xtmg trong
bai toan bang phép ldy ddi ximg tir nghiém ban dau.

e S
- |

o, o C
R )

4 A

Hinh 4.2: Ung véi moi nghiém ciia bai toan 8-quan hdu sé co

7 nghiém doi xirng.
Sau phép gan v,=2, gia su chung ta c6 phép gan tht hai v,=4 va nhanh nay

(nhanh trai) 16i, nhu vay rang budc v, # 4 dugc tao ra. Chung ta thém rang

budc g(4)—g(var # val) cho cac ddi xtimg con lai. Vi dy, cho dbi xting quay

I~

S {Formatted: Font: Italic

Chung ta c6 thé tham khao mot bai bao phan tich rat c6 dong vé loai bé doi " Formatted: Font: Not al

A

xing dugc ap dung cho nhiéu bai CSPs, trong d6 c¢6 ca SGP [31].
Co6 hai thuan lgi trong viéc dung SBDS so voi vi¢e thém rang budc vao mo
hinh:

» NO c¢6 tinh toan dién: néu chung ta thém mdt ham mo ta ddi xung,
chiing ta co thé loai bo ddi xtg do, trong khi chung ta khé co thé dat
dugc hi€u qua tuong tu nho viéc thém rang budc vao mo hinh

= SBDS khong tranh chép, mau thuln vai cac chién lugce tim kiém (trat tu

cac bién va cac gia tri gan), n6 chi lam nhiém vu ngan nhirng gia tri doi
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xung dugc gan khi tién hanh quay lui. Nguoc lai, viéc thém rang budc
vao mo hinh c6 thé gy mau thuin véi chién luge tim kiém.
4.1.2 SBDS cho SGP

V6i mé hinh duge md ta & phan trude (phan 3.3), dbi xtmg 1a su hoan ddi cac

P { Formatted: Font: Italic

nhin cua tay gon va gitra cac tuan, hodc cd hai. Vi vy, néu co p=gxs tay gobn -~ { Formatted: Font: tali

choi trong w tuan, bat ky mot nghiém nao cling can phai loai bo w!x(gs)! { Formatted: Font: ttali

\\ { Formatted: Font: Italic

nghiém d6i ximg. Chiing ta s& thay rd qua mot trudng hop cia SGP 8-4-10, 50 { Formatted: Font: talic

o G

nghi¢m ddi ximg 1 9.5 x 10*'. Con s6 nay 1a qua 16n. Chinh vi vay nguoi ta
khéng thé giai quyét qua nhiéu dugc chi bang SBDS, viéc thém rang budc cho
md hinh dé loai bo ddi xtng ciing van la mot ¥ tudng tot.

Chung ta c6 thé loai bo ddi xting bang mot sé k¥ thuat nhu da néi &
trén (phan 2.1) sau d6 ap dung SBDS. Mot dic tinh hitu ich cua loai bo dbi
ximg 1a khong can thiét phai loai bo ching hoan toan. Boi vi chiing ta khong
thé dam bao rang chi c6 nghiém khéng dbi xting duoc tim ra trir trudng hop
chung ta loai bo hét duoc duoc, ma cong viéc chi ra dugc hét ddi xung tryc

tiép 1a viéc lam khong dé trong SGP. Bang 4.3 sau chi rd hiéu quéa ctia SBDS

hon 14 chi thém rang budc doi xtrng vao mo hinh.

g|s |w|Rangbuoc | SBDS
OL Giay | OL Giay

41312116 0.11 |7 0.1
3195 0.87 139 0.2
4 | 89 0.61 |69 0.42
5 151208 | 350 | 821 5.62
513(3 1430 1.74 1160 | 0.87
4 | 821 4.66 | 391 2.68
51963 6.58 | 898 6.66

6 1481411278 245071125
Badng 4.3: So sanh gitra hai phwong phap thém rang budc vao mé hinh va

SBDS.
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Pbi xtmg trong SGP 1a nguyén nhan chinh gy kho khin cho thuat toan tim
kiém. V&i cac cach tiép can trén van khong thé giai duoc bai toan Kirkman’s
schoolgirls trong mot thdi gian chap nhan duge. Phuong phap SBDS, trong
mdi diém chon, SBDS md rong mo hinh dong béng cach thém cac rang budc
nham loai bo ddi xtmg. Day 1a mot phuong phap mai cho phép giai SGP néi
riéng va bai toan td hop noi chung, tuy nhién nhu thé van la chua du dé giai

quyét tot bai toan. Sau day chiing ta s& c6 nhitng cach tiép can méi cho SGP.

4.2 Phwong phap SBDD

4.2.1 Giéi thiéu SBDD
SBDD la phuong phap c6 thé nhan ra d6i xing trong qua trinh tim kiém. Tai
mdi thoi diém thuat toan tim kiém tao ra mot nit méi, nd sé kiém tra xem nat
d6 co phai 1a mot dbi ximg v6i nhitng nit dd dugc xét hay khong. Néu dung,
nhanh d6 co thé bi cit. Néu khong qua trinh tim kiém dién ra binh thuong.
Muc dich cta loai bo dbi xtng 1a tranh kham pha phan khong gian A ma co
thé duoc anh xa tir phan dd dugc xét bang mot ham ddi xtmg. Boi vi néu
khong chtra bt ky mot nghiém nao, thi A ciing khong chtra nghiém. Nguoc
lai, tit ca cac nghiém trong A c6 thé dugc suy ra tir phan da xét. Trude hét,
chung ta can néu ra mot s6 dinh nghia.
Dinh nghia 4.1

Goi X={x,..., X,} 12 tap bién ctia mo hinh, D(x) 12 mién cta bién xeX.

Bo #° =(D°(x)). ..., D°(x,)) 12 trang thai dugc chon hién tai ca diém c.m
Dinh nghia 4.2

Goi #° = (D°(xy),..., D(xy)), #° = (D°(x1),..., D°(x,)) 1a hai trang thai

duoc xét.

Ludn van thgc st Ldp trinh rang budc va bai toan nguoi choi gon
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(a) (b)

Hinh 4.4: Minh hoa cdch thirc hoat dong ciia SBDD: Niit trang la niit dang
doi dwoc xét, nut den la nit dd duoc xét hoan toan. Hinh vuong la trang thai
trong 7, hinh tron thé hién né khéng o trong 7 hodc da & trong 7. Hinh tam

gidc chi nit hién tai dang xét. (a) Ban dau, trang thdi A phdi dwoc kiém tra
théng qua toan b cdc it di dwoc xét. (b) Ding DFS, it hién tai chi can so

sanh voi cdc mit ké-trdi (tir mit goc toi A).

Chung ta c6 hai cach tim kiém khi 4p dung phuong phap nay, d6 1a: tim kiém
theo chiéu sau (DFS-Depth First Search) va tim kiém tuy y (theo mot cach
thire khac). Tuy nhién khi 4p dung tim kiém tuy y, s6 trang thai can luu trix
trong .7 s& tang 1én rat nhanh va rat 16n. Do vay SBDD sé& chi phu hop nhat voi

DFS. Phan ké tiép s& gi6i thiéu cach thirc thuc hién SBDD.

4.2.2 SBDD v¢i DFS
Véi DFS, chung ta khong can luu trit toan bo trang thai phia trudce. Thay vao
d6 chiing ta chi can luu trit cic niit cac nat anh em bén trai trong 7 dé c6 thé

quay lui. Chiing ta xét bd dé sau:

B6 dé 4.3:
Cho ¢ 1a diém chon véi trang thai 2 ¢ = (D(xy),..., D(x),..., D(xy)),

Ludn van thgc st Ldp trinh rang budc va bai toan nguoi choi gon
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Hon nita, ta ky hiéu 2 * = (D°(x),..., {Vk},..., D%(x,)), V1 <k<11a
trang thai cia concy, ..., ¢, cuac. Cubi cung, coi # “la trang thai trong
diém chon ¢’ v6i 2 £ # * ing v6i mot s6 V1 <k <n.

Khi d6: 2 £ 2°.

Dung bd dé 4.3 khi két hop voi DFS, ta c6 thé thuc hién mot cach hiéu qua
nhu sau: Chung ta khoi dau véi 7 = @ va tiép tuc qua trinh cho mdi diém
chon nhu sau:

1. Kiém tra trang thai Phép chiéu ctia mdi diém chon hién tai ¢ voi tat
ca cac trang thai trong 7. Néu 3 # € 7 sao cho ®( 2 ¢, A= true thi
sinh 15i.

2. Qua trinh dién ra binh thuong ma khong c6 diém chon

3. Khi quay lui: néu c6 qua nhiéu nut anh em dugc xét, thi thém trang
thai hién tai vao 7 , néu khong xoa toan b trang thai cua cac nut

anh em khac tu 7.

trong mién.

4.2.3 SBDD ap dung vao SGP
Trong phan nay st dung mé hinh bién tap (phan 3.1) cho méi nhom, mé hinh

khong chua doi xing @p. D€ c6 thé nhén ra sy “lan at”cua cac trang thai voi

cac doi xung khéc, ching ta m6 td ba ham nhén dién doi xung @, Pw g va

Dw .x dung trong khi tim kiém. Ham ®w ¢ bao ham viéc kiém tra dugc tién

hanh boi q)g, va @ X.W.G bao ham q)ml
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» @ Véichisocho2 tuan 1 <j j <w, ®g duge dung dé kiém tra xem" <"

- ——a e —— s .

N N
N
N

tudn thir j v4i trang thai P ¢6 “l4n at”trang thai P~ cua tudn thir j khong .

A~
NN

v61 ham doi xtng @g. Diéu nay duoc thuc thi bang cach ki€ém tra xem .

tAt ca cdc tay gOn trong tuln j véi trang thai P~ ¢ thé dugc 4nh xa t6i

tudn 1 khong thé duoc 4nh xa t&i trang thai P* cia tudn 2, béi vi tay

o6n 1 va 3 & cing nhém trong P, nhung lai khic nhom trong P2, Tuong

tu nhu vy, tay g6n 2 va 3 cta tudn 3 13 nguyén nhéan lam cho trang thai

P khong thé 4nh xa t&i trang thai P trong tudn 2.

i 1 23456789 123456789
1 4 7|2 3 1 4 7|2 3
1 2 8 1 2 8

= @y Dung loai bd ddi xtmg Ow va Qg, ham @ g duoc tao nhu dd thi G

—. e O - W —— W e S

. y 4 J , X A A \ X B
hai phia chira cdc nat cho moi tuan trong P~ va P. Moi canh duoc chén

<\ A \ 9 A A A 5 A y A A A . \
vao néu va chi néu mot tuan cua P “lan at”mot tuan trong P, khi dung

@c. Néu G chira . Hinh 4.5 minh hoa diéu d6

week 1 week 2 week 3

week 1 week 2 week 3

Hinh 4.5: P bi “ldn at”boi P
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* Oxwe Két hop ¢x v61 Oy ( dung dé loai bo déi xtng duogc ap dung

cho (g.s)! hoan vi khac nhau). DPé giam chi phi cho viéc kiém tra, chung

can mot tham s6 g d¢ han ché muc kiém tra doéi xtng trong cay tim -~

,,,,,,,,,,,,,,,,,,,

4.2.4 Két qua khi ap dung SBDD cho SGP

Mo hinh trén, da duoc [14] thuc thi trén [ILOG Solver 5.0 va 400MHz

Ultrasparc-1L. Bang 4.6 va 4.7 chi ra két qua khi thuc thi, thoi gian tinh bang

gidy, cho nghiém dau tién (t;) va tat ca cadc nghiém (t,), sO lan goi ham nhan

tra di ximg cho @y va @g trong mdi niit cdy tim kiém. Vi d6i xtmg @x khong

dugc loai bd, do vay c6 rat nhiéu nghiém d6i xtng dugc néu ra. Trong phan

xw.q. Lrong bang ¢ phan symmetries (s0 doi xung duoc chi ra) . cp (choice

points-sd diém chon) va fails (chi sb 15i phat sinh).
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problem solutions | t; | tu1 | @y | @ |symmetries cp fails
svm
2-4-3 48 0.00 0.03 226 0 0 195 148
3-4-3 12688 | 0.03 6.09 | 99454 | 0 0 28299 | 25612
4-4-3 11968 | 0.05 [26.70[382120| O 2808 04845 | 92878
5-4-3 0 0.00 [36.341412456| 0 3120 100389 [ 200390
nosvm

2-4-3 1 0.00 0.04 | 226 47 47 195 194
3-4-3 4 0.01 10.00 | 99454 | 2687 2684 28299 | 28296
4-4-3 3 0.04 [29.18 13821201967 4773 94845 | 94843

Ludn van thac st
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5-4-3 0 0.00 |36.28 412456 O 3120 100389 | 200390
Bdng 4.6: Két qua cho SGP g-4-3

problem | solutions | t; ta Dy @ | symmetries | cp ails
sym

3-4-4 5184 |0.01| 8.71 | 74175 | 0 0 43755 | 38572

4-4-4 1296 |0.01| 20.53 | 140595| O 1296 82635 | 81340

5-4-4 432 |1 0.01| 25.90 |132531| O 2160 75723 | 75292

6-4-4 0 0.00 | 30.76 | 114027 | 0 0 72267 | 72268
nosym

3-4-4 2 0.01 | 136.31 | 74175 | 5183 5182 43755 | 43754

4-4-4 1 0.01 | 22.09 | 140595 | 1295 2591 82635 | 82634

5-4-4 1 0.02 | 26.51 | 132531 | 431 2591 75723 | 75723

6-4-4 0 0.00 | 30.71 | 114027 | 0 0 72267 | 72268

Bang 4.7: Két qua cho SGP g-4-4

Vi chi phi cho viéc goi ham @ x w ¢ khé 16n nén néu ap dung chiing cho moi

nut nhiéu khi gy ton rat nhiéu thoi gian, mac du s6 diém chon dugc giam di.

Do vay, c6 su thoa hiép gilra vi¢c giam so diém chon va thoi gian cho viéc

tim va nhan ra dbi xtmg trong bai toan. R4t nhidu trudng hop ching ta khong

nhit thiét phai ap dung ching t6i tan nit 14, ma nhiéu khi chung t&i wu (vé

thoi gian) & mdt mirc ndo d6. Trong bai toan 4-4-4, mirc 8 1a muc tot nhat,

néu 4p dung & muc 14, s& tiéu ton thoi gian nhiéu hon. Xem Bang 4.8 va 4.9.

problem | solutions | t, Ll Dy ¢ @ | symmetries | cp | fails
nosym
1 0.01 | 698.51 0 26 18 82 82
4 1 0.02 | 101.26 156 79 79 339 | 339
1 0.01| 14.51 5292 | 1296 1296 4730 | 4730

Ludn van thac st
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leafs 1 0.01 | 22.09 | 1405959 | 1295 2591 82635 | 82634

Badng 4.8: Két qua cho SGP 4-4-4 & cdc mire q khdc nhau

problem | solutions | t, tair | Owe | @xwe | Symmetries | cp | fails

Nosym, level of @y =8

3-4-4 2 0.01 | 134.10 | 5283 | 1298 1297 6492 | 2891
4-4-4 1 0.01| 14.51 | 5292 1296 1296 4730 | 4730
5-4-4 1 0.02 | 15.68 | 5291 | 1295 1296 4722 | 4722
6-4-4 0 0.00 | 17.16 | 5290 | 1295 1295 4714 | 4715

Badng 4.9: Két qud cho SGP g-4-4 ¢ mirc q =8.

4.2.5 So sanh SBDS va SBDD

Trong phan trude (phan 4.2). dé loai bo doi xtmg, SBDS thém rang budc vio

mo hinh trong thdi gian tim kiém. Va mét diém quan trong nira la SBDS doi

hoi phai liét ké ra toan bd danh sich dbi xtme. Ma sb luong ddi ximg trong

SGP qua 16n, do vay khong thé loai bo hoan toan bang cach thém tat ca cac

rang budc can thiét. SBDS ciing khong thé tim ra duoc nghiém cho truong
hop 16n hon nhu 5-3-7 (Kirkman’s School Problem).

Dung SBDD cho SGP, ching ta c¢6 thé phat hién ra nghiém duy nhét cho bai
toan. Ngoai ra viéc két hgp chiung v6i mé hinh don gian 1a diéu rat dang quan
tam.

SBDD dé dugc thuc thi vi tat ca né doi héi 1a dinh nghia cAu tric trang thai va
ham dé kiém tra trang thai c6 bi “lan at” hay khong. Vi vay, ngudi dung co

thé tap trung vao thuit toan ddi ximg ma khong can qua quan tim dén rang

Ludn van thgc st Ldp trinh rang budc va bai toan nguoi choi gon
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budc. SBDD da giai bai toan Kirkman’s School Problem trong vong 13254
gidy (khoang 4 gio).

Ludn van thgc st Ldp trinh rang budc va bai toan nguoi choi gon
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CHUONG,5. MOT SO PHUONG PHAP LOAI BO POI XUNG DONG

Trong phan nay sé& gidi thiéu 2 phuong phap khac dé giai SGP bang cach loai
b6 dbi xting dong: Phuong phap Heuristic va Local Search. Chuong 4 di noi
vé SBDD va SBDS 14 hai phuong phap loai bo ddi xting bang cach thém rang
budc trong thdi gian tim kiém va ching c6 nhiéu diém khé trong ddng nhau.
Trong chuong 5 hai phwong phap déu co nét rat riéng so voi nhimg phuong

phap khac.

5.1 Loai bé doi xirng v6i Intelligent-Backtracking (IB)

5.1.1 Y twéng thuit toin

Chung ta hiy bat dau bang mot vi du cia SGP cho truong hop 4-3-w. No
cling ap dung nhimng k¥ thuat co ban: c6 dinh tudn thir nhat, nhom thir nhat
ctia tuan thtr hai, gifta cac tuan ciing duoc sap xép (phan 2.1). Do vdy chung

ta ¢6 duge su khéi dau nhu bang 5.1:

112]3] (4(5(6] |7|8|9 101112
147 ] 21717 13]?]? 71?717

{22 (21?2]?] (3?7 21?717

Bang 5.1
Chung ta dat dwoc nhom thir nhéat trong tuan thi hai vi giita cic nhom
{4,5,6}, {7,8,9}, {10,11,12} duoc chon vao nhom tht nhat thi tit ca chung co
vai trd nhu nhau, trong khi ching ta mudn c6 mot trat ty trong tuan thir hai,
do vay chiing ta chon 4 va 7.
Néu chiing ta ctr tiép tuc gan nhu vy c6 nghia la trong tudn 2 c6 {2.,5,8}, va

{3,6,9} thi s¢€ din dén 10,11, va 12 s& duoc gan vao nhom cudi cung. biéu

Ludn van thgc st Ldp trinh rang budc va bai toan nguoi choi gon
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nay la khong thé duoc, vi luc ndy giita cac phan tir con lai da c¢6 sy phan biét.
Chung ta d& nhan ra rang phan tr 5 va 6 1a khong c6 su phan biét. Do vay néu
5 ma khong dat duoc nghiém thi chung ta ciing khong thir véi 6, vi n6 s& dan
dén mot 18i twong tu. Piéu nay ciing tuong ty véi cac gia tri 10, 11 va 12. Con
gia tri 8 va 9 thi sao? Chung thuc ra cling khong c6 su phéan biét véi nhau va
ngay ca véi 5, va 6, vi chiing déu c¢6 dic diém chung: c6 mot phan tir (d6i tac)
trong nhém dd dwgc gan trong tuan nay. Nhu vay ching ta c6 thé chia ra lam
2 16p ¢6 dac diém chung {5,6,8,9} va {10,11,12}. Nhu vy chung ta chi can
kiém tra 2 gia tri trong 2 nhom nay dé biét biéu thirc c¢6 ton tai nghiém hay
khong (thay cho viéc thir toan bo).

Viy y tuong s& dugc tong quat ra sao? Chung ta hdy mé hinh biéu thirc g-s-w
v6i cac chudi nhom S nhu <S; 1,8, 5, ...871,6.521, S22,-S2.g -+ S 182 -S>, &
d6 i 1a chi s6 tudn, va j 1a chi s6 nhom. Mdi Sy gdm s phan tir, phan tir thir n
trong S; duoc ky hiéu 1a Sj(n). Ching ta cling dinh nghia Dom(i,j,n) 1a mién
c6 thé gan cho S;y(n) ¢ vi tri i,j va n theo: gia tri da duogc gan trong tudn,
Assigned(i,j,n); cac ddi tac hién tai trong nhom, GPartners(i,j,n); va tat ca cac

dbi tac trude do, Ps(ij,n):

Assigned (i, j,n)={x:Fpm((jixs+m< jxs+n)ASi(m)=x)}. (1)

GPartners (i, j,n) ={x:3m <aSi, j(m) = x} . (2)
Partners (v,i)={x:3n<idj(ve Sn,; AxeSun;Ax#Vv)}. 3)
Ps(i, j,n) = Y Partners (v,i) “4)

veGPartners (i, j,n)
Dom(i, j,n) = Golfers \ (Assigned(i, j,n) U Ps(i, j,n)). (5)

Trong d6 Golfers ding dé chi cac sb nguyén tir 1 t6i g*s, va Partners(v,i) 1a

mot tap cac doi tac cua tay gon v trong tat ca cac tuan trudc tuan i.

Ludn van thgc st Ldp trinh rang budc va bai toan nguoi choi gon
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Pé phan biét cac tay gon dugc chia ra cac 16p nhu thé nao, ching ta can hai
diéu kién:
1. S6 cac dbi tac trong mién.
2. S6 cac d6i tac da duoc gan trong trong tuan
Hai gia tri, v; va v,, voi mién Dom(i,j,n), dugc xem nhu 1a khong phéan biét
khi gan phan tir thtt # vao nhom S;; khi ap dung ca (6) va (7) sau day:
#(Partners(vi,i) N Dom(i, j,n)) =#(Partners(v2,i) N Dom(i, j,n)). (6)
#(Partners (v\,i) N Assigned (i, j,n)) =# (Partners (v2,i) N Assigned (i, j,n)) (7)
Piéu kién (6) dé phan biét 16p {5,6,8,9} va 16p {10,11,12} trong vi du trén.
Chung ta s& giai thich diéu kién (7) voi vi du sau day: xét SGP cho 3-3-2:
{1121, (341, (5.6} }
{ {13}, {2,5}, {4.6} }
{ {14}, {2,275, (2.7}
Khi d6 phan tir S;,(2) chi c6 thé duoc gan boi 3 va 6, nhung chi c¢6 6 1a dan
t61 nghiém. Diéu kién (6) khong thé phéan biét giita chiing vi cac dbi tac tuong
{mg cua chung 1a {1,4} va {4,5}. Ly do chung khong thé giéng nhau vi gia tri
3 ¢6 hai ddi tac duoc gan trong tuan dang xét (1 va 4) trong khi gia tri 6 chi co
mot ddi tac duoc gan (1a 4). Do vay kha niang dan téi nghiém 1a lon hon. D6

chinh 14 diéu kién (7) d néu.

5.1.2 Thuét toan
Thuat toan giai quyét SGP véi g-s-w dung thuét toan quay lui théng minh
(Intelligent backtracking -IB) véi 2 thu tuc dudi dang ma gia.
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Procedure GolfersIB (In: w,g,s, Out: S)
for i from 1 to w do
for j from 1 to g do
(1) € first_value(Dom(S;;(1)))
for n from 2 to s do
AssignlB(S,i,j,n,Dom(i,j,n),[)
end for
end for
end for

end Procedure

Thu tuc GolfersIB(w,g,s,S) goi thu tuc AssignIB sau:
Procedure AssignIB (In/Out:S, In: i,j,n, Vals, Tried)
remove_first v from Vals yielding RestVals

N1 < #(Dom(i,j,n) N Partners(v,i))
N2 < #(Assigned(i,j,n) N Partners(v,i))
ChoicePoint

(<NI,N2> ¢ Tried

Siin) € v

) or

AssignlB(S,i,j,n, RestVals, Tried U {<NI1,N2>})
end ChoicePoint

end Procedure

Cha y rang thuat toan nay c6 mot nhuoge diém rang né khong bao toan tinh
nghiém (c6 nghia 1a n6 c6 thé 1am mat nghiém). Két qua ctia thuat toan nay s&

dugc néu ra va so sanh v6i phuong phap dugce dé xuit ¢ phan sau (phan 6.3.4)
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5.2  Local Search cho SGP
5.2.1 Mb hinh
Phuong phéap nay ding bién quyét dinh dé mo hinh héa bai toan x[w, g, p] ky
hiéu cho tay gon vi tri p trong nhom g cia tudn w. Mt lich cho tay gon o la
mot phép gan cac gia tri cho bién, gia tri o x[w, g, p]) k¥ hiéu lich cho tay
g6n d6. Ngoai ra, md hinh can rang budc m[a,b] dé chi hay tay gon a va b
khong gip nhau qua mot 1an. Chinh xac hon c6 thé dung #,(a,b) dé chi sb lan
tay gén a va b gap nhau:
#a(a,b) =#{(w, @) | p, p’: o(x[w, g, p]) = a &o( x[w, g, p')=b},
Nhu vay rang budc m[a,b] ding néu #,(a,b)<1.
Dung thém rang budc
vo( m[a,b]) = max(0, #,(a,b) - 1).
Nhu vay trong Local Search, viéc gidi bai toan SGP tuong duong véi viéc tim
gi4 tri nho nhat cta bién sau:
A0) = Yapec (Va( m[a,b])).
Trong d6 G 1a tap g x p tay gon. Mot lich o s& 12 nghiém ciia bai toan néu
flo) =0.
5.2.2 Lan can (Neighborhood) va thanh phin Tabu
Lan can trong Local Search bao gdm viéc hoan d6i 2 tay gon tir cac nhom
khac nhau trong cting mét tuan. Tapp hoan d6i c6 thé dugc dinh nghia nhu
sau:
S ={((w, &1, p1), (W, 82, p2)) | &1 # &2}

Thanh phan cta Tabu c6 3 ¥ tuong chinh

» Tht nhit, danh sach tabu duge thé hién trong nhiéu tudn khac nhau.

Thanh phﬁn tabu gé)m mot mang tabu trong do tabu[w] thé hién mot

danh sach tabu cho tuan w.

Ludn van thgc st Ldp trinh rang budc va bai toan nguoi choi gon



80

» Th hai, trong tudn w, danh sach tabu duy tribo ba ( a, b, i), voia va b
13 hai tay gon va i thé hién 1an 1ap dau tién ma hay tay goén a va b hoan
d6i trong tuan w. Cac danh sach tabu chi luu trit cic tay gon, khong luu
trir vitri { w, g, p).
= Thu ba, thoi gian cho cap tay gon (a, b) trong danh sach tabu l1a dong:
N6 duoc tao ngau nhién trong khoang [4,100]. Trong vong lip &, hai
tay gon a va btrong tabu dugc ky hiéu la:
tabu[w]( a,b,k)
5.2.3 Thuét toan
O day chi néu thuat toan, phan giai thich dugc c6 thé tim thay trong [13]

SGLE(W, G, P)
forall w = W
tabu [w] — {}:
o «— random configuration;
o — T
k— 0
s — 0
while & < maxlt & f(z) > 0do
select (#;,42) € S*(e, k) U S%(o, o ) minimizing f{o[z[ti] — =[ta]]):
T +— RANDOM([4.100]):
tabu [weekit1)] — tabulweeki{t1)] U {{z(x[t1]), oiz[tz]). k + 7} }:
o — J[.c[fl] — .r[fg]]_'
if flo) < f(e") then
ot o— T
a«— 0
else if s = marStable then
o «—random configuration;

s« 0
forall ww = W do
tabu[w] = {}:
else
g++;
k++;

Két qua cua phan nay dugc so sanh véi phuong phap dugc dé xuat ¢ phan sau

(trong 6.3.2).
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CHUONG 6. LOAI BO POI XUNG BANG PHUONG PHAP TINH VA
THEM RANG BUQC DU THUA PE GIAI SGP

Trong phan nay sé& tién hanh dbi sanh nhiing két qua thir nghiém va danh gia.
Phan nay s& c6 hai phan: Phan thir nhat véi cach tiép can kha la cho viéc giai

thdy duoc su khéo 1éo trong cich bién ddi bai todn nhiam loai bé ddi xtng.

Phén tht hai thuc thi trén m6 hinh duoc nghién ctru. Pidu dang noi ¢ day la

da két hop v6i mét sb cac rang bude duge dé xuit (Phan 2.2 va 2.3), sau do sé

so sanh két qua véi mot sd phan da trinh bay.

6.1 Loai bé ddi xirng trong SGP bang nhiéu diém nhin

C6 hai kiéu d6i ximg trong CSPs, ddi xtmg bién va dbi xung gia tri. Noi
chung trong CSPs, d6i xtng bién dé dién ta v4i rang budc loai bo ddi xing
hon déi xtmg gia tri. Do vay khi gip phai d6i xtng gia tri, phuong phap nay
mudn bién d6i bai toan dé bién ddi xung gia tri d6 thanh d6i xtmg bién. Mot y
tudng rat linh hoat. Chiing ta hay ciing xem céch tiép can phuong phap dé giai

SGP bang cach loai bo dbi xtng tinh [17,25.26.27].

6.1.1 Mot s6 khai niém quan trong

Thong thudng mdt bai toan » trong CSPs ¢ nhiéu cach tiép can, tic 13 » ¢6
thé dugc cong thirc hda bang nhiéu cach khac nhau. Van dé mau chdt cua viée
cong thuc hoa 1a xac dinh bién va mién cua bién. Viéc lua chon bién va mién

khac nhau 1a két qua cua vi¢c xem xé&t bai toan » dudi goc do khac nhau.

Ludn van thgc st Ldp trinh rang budc va bai toan nguoi choi gon
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1. Cac tay gon trong nhom co thé bi thay doi (¢p)
2. Cac nhom trong tuan cé thé bi thay déi (¢g)
3. Cac tuan c6 thé bi thay doi (ow)

4. Tén céc tay gon c6 thé bi thay d6i (co n! hoan vi) (¢x).
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cac tuan xuit hién nhu cic bién, ching ta c6 nghiém [pyo... psi —
[0,0,0,1,1,1,2,2,2] va [pos,.... psi]— [0,1,2,0,1,2,0,1,2]. Bang cach thay d6i
bién gan gi4 tri ta duoc nghiém méi [pyo,.... pso] — [0,1,2, 0,1,2, 0,1,2] va
[po.s--» psi] —[0,0,0,1,1,1,2,2,2]. Trong vi du nay, chiing ta dung ham doi
xing G, nhu 1a anh xa tap nghiém vao chinh né ngoai trr 6,(p;9) = pi; va
62(pi1) =piovoi k=0,1,...8.

Péi xung bién trong CSPs noi chung c6 thé duogc loai bé nhd viée thém vao
rang budc nham tao ra trt tu gilra cac bién khong dugc phan biét. Trong vi du

trén, chung ta c6 thé loai bo dbi ximg 4 (¢x) giita tay gon 0 va tay gon 1 bang

Tuong tu ta c6 thé loai bo ddi xtung 3 (ew) bang rang budc: [Pos.... Pror. 1] <iex
[Poss1reer Pt k+1] cho moi 0 < k <w-2.

Hai loai rang budc loai bo ddi xtng trén tuong tng véi viée loai bo dbi xtimg
gitra hang va ¢t trong ma tran. Trong nghiém ¢ Bang 6.1, cac hang va cot da
dugc sip xép thu ty. Néu thay d6i bt cir mot hang hay cot nao ciing lam mat
thir tu.

Dinh nghia 6.2
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dat dugc nghiém mdi.

Noi chung, d6i xting gié tri kho dugc xir Iy bang rang budc loai bo ddi xing,
vi chung ta khong biét trude duoc gia tri nao s& duoc gan cho bién cu thé.
Piéu do gay kho khan cho viéc thiét lap trat tu. Trong thuc té, nhiéu khi no
cling duoc khic phuc bang cach gan trude gia tri cho mot vai bién (cang nhiéu
cang tt) ma khong mat tinh tong quat. Tir d6 qua trinh tim nghiém s& dugc
mé rong tir nhitng phép gan nay. Tuy nhién bat cir trong trudng hop nao
chung ta khong géan trudc dugc gia tri, sé rat d& sinh ra bo sot co hoi loai bo
dbi xtng gia tri mot phan va ton thoi gian tim kiém. Vi du, trong bai toan
trén, khong mat tinh tong quat, ta c6 thé gan:

[20.0s- Put 0] = [0,...,0, 1,...,1,....g-1,...,g-1] (mdi gia tri duoc lap lai s lén)

Phép gan thtr nhat 13 dé loai bo ddi xtmg eia tri trong tudn 0 va phép gan thir

hai 12 loai bd dbi xtmg gid tri mot phan trong tuin 1, 2...Tuy nhién sé& rét it

o1 tri duoc loai bd doi xtng khi s rat nho so véi g.

6.1.2.2 Chuyén d6i “diém nhin” nhim loai b6 ddi xirng gia tri

Trong phan nay, ta s& chuyén ddi ximg gid tri sang ddi xtmg bién, khi d6 rang
budc loai bo dbi ximg s& dién ra dé dang hon. Piéu nay tuong duong véi viée
chuyén gia tri mién cta “diém nhin” thir nhét thanh bién cua “diém nhin” thi
hai. Va nhu vay hai loai d6i ximg trong cung mot bai toan dugc loai bo dong

thoi thong qua hai mo hinh.
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xung gia tri trong V3 . Dung rang budc loai bo doi xung [zok)..., Zn-1kj] >lex

[Zokj+1reeer Zn-sij+1) chomoi 0 <j < g-1va0<k<w-1. Vidu trong Bang 6.1,

chung ta c6 z, — [1,0,0, 1,0,0, 1,0,0] va z; — [1,0,0, 0,1,0, 0,1,0], trong d6 z,

- [Zo,o,o, 20,0,1» 20,0,2» 20,1,00 20,1,1> 20,1,2» 20,2,00 20,2,1 Zo,z,z] vaz — [21,0,0, Z1,0,1» 21,0,

2110, 2110 21,12 212,00 Z1.2.0 Z1.2.2], Khi @0 29 >1ex z1. O ddy can chu y trat tu gitra

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

6.1.2.3 Két qua ciia phwong phap nhiéu “diém nhin” cho SGP

Két qua trong phan nay dugc thuc thi trén ILOG Solver 4.4 véi may Sun
Ultra 5/400, 256 MB RAM. Dau “-” dé chi n6 chay vuot qua 2 gio.

g ls|w Vi Vs ViVs Vi Vs
fails fails choices | fails choices | fails choices

6 [2|11] 142 | 1800.57| 166 | 425 |0.32| 142 | 180 |0.2| 166 | 259 |0.1]
7 2113|1371 (1428|9.63) 1525 | 1966 2.97| 1371 | 1482 |1.94] 1469 | 1604 |1.4|
635 - - | - |47957|47959|332|37590(37591|306|37637|37638 206
73] 4] 687 | 729 3.33] 853 | 1084 0.81] 687 | 729 10.72| 694 | 760 0.4
8PS| - - | - |43326|43329|545|17005]17005|206|17067|17068 133
544 - - |- - - - |34727|34727|327|34780|34781229
643 - - |- - - - 158802|58803|586|59035|59035 370
T3 - - | - - - - 120705]20705]272{20947]20947 169
814/9] 22 |14217.36] 27 | 668 |1.52] 22 | 142 0.44] 24 | 207 |90.3{"
7152 |48794883|112| - - - |48794/48838127./50257|50313 | 78.
85/2|7146|7151)1261| - - - |71463|71515213./74679|74745 127
818/9] 19 |18241.7) 19 | 821 |7.59 19 | 182 |1.75] 19 | 245 |0.9]
514/ 3 1350]1350[352]49638/49648|435./13503|13506|134./15345]15349 | 80. |
513]511350(1350/215]19643/19654|111./13503|13506(94.6/16621 16626 64. |
53| 711350|1350] 46 {53824|53954|57.1{13503|13506(19.5/18616|18673 |13.

Bdng 6.3: Két qua khi diing phwong phép nhiéu
tien cua SGP

“diem nhin” cho nghiém dau
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mdi “diém nhin” twong tGng. Phan dugc bdi ddm dé chi mo hinh ¥, V5 1a tét
nhat.

Ta s& so sanh phuong phap nay véi phuong phap duge dé xuit o phén sau.

6.2 Loai bd ddi xirng biang han ché mién (ND) va c6 dinh mt sb tay gon
(F)

Phan 1y thuyét da trinh bay chi tiét trong phan 2.2 va 2.3. O day chi dua ra cac

két qua cling nhu dé so sanh véi mot sé phuong phap khac, qua dé dé thay

dugc diém manh ciing nhu diém yéu ciia phuong phéap. Két qua dugc dua ra

trong Bang 6.4 s& duoc so sanh véi cac phuong phap khac ¢ phan sau:
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g|s wBasic| ND ND+|g|s|w |BasiND [ND+|g w Basi| ND [ND+
4|2 12| 0.02] 0.01| 0.01{6]|2| 6 [0.22|0.18| 1.20{8 |2 |11|1.29] 1.23| 1.11
3| 0.02] 0.01] 0.01 710.29/0.25] 40.1 121.99| 1.48 1.33

41 0.06/ 0.03]| 0.03 810.39/0.32] 313 13(2.39| 1.79] 1.59

5| 0.07| 0.05] 0.05 910.52/0.41| 0.41 14(2.53| 2.17] 1.85

6| 0.1] 0.08 0.08 10]0.63/0.52| 0.52 15|2.74] 2.46| 2.12

7 0.12] 0.11] 0.1 11(0.77/0.63| 0.63| |3 |7 (42.5 0.99 -
312| 0.02] 0.01 0.01] |3|6 - - 035 8 - 1.30 -
3| 0.04| 0.03] 0.03 7 -19.16| 1.48 9 -1 3.70 -

4| 0.08 0.06| 0.07 8 - - -l |414]1.25 0.45] 0.40
4121 0.02| 0.02| 0.02| (4|5 |47.7(0.57| 0.67 512.47| 0.78] 0.69
3| 0.07| 0.04| 0.05 6 - - - 6 [53.7] 1.61] 1.06

41 0.14| 0.09| 0.07| |5|4 |39.3]0.39/83.72 7132.7) 61.3] 1.48

5/ 0.2 0.14] 0.12 5 - - - 8 - - 2.16
5121(5| 0.1} 0.09( 0.09 6 - - - 9 - -| 2.49
6| 0.14| 0.13] 0.19| 6|3 0.38{0.20[ 0.22) |5 |6 -1138.7/1138.0

71 0.19| 0.17| 0.63|7|2| 7 |0.36/0.33] 0.33| |6 |5 -1231.2231.0

8| 0.26| 0.24] 0.64 810.49/0.43) 047 |7 |4 -110.04{10.00

9| 0,29] 0.27, 0.3 910.63/0.56| 0.60, |8 |9 - -| 6.95
312| 0.02] 0.01] 0.01 10]0.81{0.72| 0.79|9 |3 |11 -| 28.6 -
3| 0.03| 0.05| 0.04 11/1.01{0.89] 0.92| |4 |8 - 18.9 -

41 0.05/ 0.09| 0.09 1211.20{1.06| 1.12| |56 -| 5.13 -

5| 0.21} 0.16] 0.2 13/1.27/1.30] 7.85| |6 |5 -| 6.06 -

6| 9.46| 3.51| 3.46| 3|8 |12.8/6.45 714 -| 3.58 -
7(170.1/180.1| 0.95 9 - - -1 1813 -| 0.84| 0.81
512| 0.05]| 0.04| 0.03 6111.2/13.2 -l 19131]2.63] 0.96] 0.93
3| 0.15| 0.1} 0.09 5 -11.91 -10[2 19 -| 7.02/346.0

41 0.66 0.20| 1.35 4 -10.62 -l 1419 -1205.0 -

5| 1.22] 0.34] 1.88 5 - - -l 1913 - 1.30] 1.24

6 1.79] 0.49| 0.78 |7|8 -l -287.3] [10]3 -| 1.45] 1.40

Bdng 6.4: Két qud cho Basic, F va F+ND
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Trong Bang 6.4 chi ra két qua duoc dé xuat (tinh bang gidy) khi tim dugc

may Laptop Pentium I1I/850MHz, 256MB. DAu “-” chi thoi gian vuot quéa 5

md ta trong phan 2.1), ND (dugc md ta trong 2.2) va F (duoc md ta trong

\s

phan 2.3), dé c6 duoc két qua khi dung k¥ thut Basic, F va F+ND. Trong d6

\

nhitng trudng hop duoc td6 dAm dé chi dé 1a trudng hop vdi sb tudn 1én nhit

¢ thé dat duwoc hodc nho cong ddng rang bude hodc nhd nhitng méd hinh todn
hoc khac [9,41].

Nhu vay dua vao két qua thuc thi, ta rat ra mot s6 két luan nhu sau:

gidi nhanh hon trong_tat ca cic truong hop. N6 ciing gitip giai dwoc

nhiéu trudong hop hon, trong d6 ¢ ca nhitng trudng hop duoc coi 13
kho ctia cong dong rang budc (5-3-7, 7-5-5, 7-6-4, 7-7-8, 8-5-6, 8-5-6,
8-7-4,9-4-8,10-4-9. ...).

bao toan tinh nghiém), tuy nhién n6 cho phép chung ta giai bai toan véi

nhiéu trudng hop nhanh hon rit nhiéu (giai bai toan Kirkman’s School

Problem trong vong 1 gidy) va cling giadi dugc truong hop khod trong

mot thoi gian nhé ( bai toan SGP 8-4-9 trong vong 2.5 gidy, va giai bai

toan voi nghiém toi vu 8-8-9 trong 7 gidy).

6.3 So sanh véi mdt sé ky thuit khac
Trong phan ndy, s& so sanh voi 3 phuong phép khac thudng duoc st dung
trong SGP: SBDD (dugc coi 1a manh nhat cho loai bo dbi ximg bang cach

thém rang budc trong thoi gian tim kiém ), Local Search (Ia phuong phap c6

Ludn van thgc st Ldp trinh rang budc va bai toan nguoi choi gon
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thoi gian thuc thi kha nhanh, dic biét 1a v6i mot sd truong hop kho dbi véi
lap trinh rang budc trong bai toan SGP ), phuong phap nhiéu “diém nhin”
(mdt phuong phap rat linh hoat trong viéc loai bo ddi xtmg tinh nhu ching ta
thiy & phan trén), va phuong phéap loai bo ddi xtimg bang thuit toan quay lui

thong minh.

6.3.1 So sanh v6i phwong phap SBDD

Pau tién, ta so sanh v6i phuong phap SBDD (ndi chung, SBDD van dugc
danh gia 1a t6t hon SBDS, it nhét ciing dung cho SGP [20. 22]) trong [20].
[20] dé st dung mé hinh bién tap (phéan 3.1), thuc thi chuong trinh viét bang

ECL'PS’ trén may Pentium I1/450 MHz, mdi truong Linux.

merged checks).

Thong qua Bang 6.5, ta c6 thé nhan thiy 1a hau hét nhiing trudng hop ma
(bao gdm ca bai toan Kirkman’s School). Hon nira ¢ day ciing giai duoc
nhiéu truong hop hon (vi dy, trong dang g-s=6-2 dat duoc 11 tuan trong thoi
gian 0.63s trong khi d6 SBDD can 1 gio' ma chi dat dugc 6 tuan).

Ludn van thgc st Ldp trinh rang budc va bai toan nguoi choi gon
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g|s|w|SBDD | SBDD NDF|g|s | w | SBDD | SBDD | NDF

3 2 0.0 00] 0.0]5/5]2 0.1 0.1 ] 0.04

3 0.0 0.0 0.0 3 0.2 02| 0.1

4 0.1 0.1 0.0 4 | 2277.1 999.9 | 0.20

4122 0.0 0.0 0.0 5 -1 3639.] 0.34

3 0.1 0.1] 0.0 6 - -1 0.49

4 0.1 0.1 00]6/2] 6| 6494.| 3607.| 0.18

5 0.2 0.2 0.0 7 - -1 0.25

6 0.3 03] 0.0 8 - -1 0.32

7 0.4 03] 0.1 9 - -1 041

312 0.0 0.0 0.0 10 - -1 0.52

3 0.1 0.1] 0.0 11 - -1 0.63

4 9.9 7.6 0.0 312 0.1 0.1] 0.02

412 0.0 0.0 0.0 3 0.2 0.2 | 0.06

3 0.1 0.1] 0.0 4 0.4 041 0.15

4 0.2 02 0.0 5] 1683 ] 374.1| 0.24

5 0.3 03] 0.1 6 - -1 035

50215 0.3 03] 0.0 7 - - 1.48

6| 272 16.5] 0.1 8 - - -

71 5044 216.1] 0.1 42 0.2 0.1 ] 0.04

812842.4|1140.8| 0.2 3 0.4 041 0.12

9 15468.5 | 24109 | 0.2 4 0.5 0.6 | 0.22

312 0.1 0.1] 0.0 5| 1461 | 537.2| 0.57

3 0.2 0.1 0.0 6 - - -

4] 299 17.8] 0.0 502 0.2 0.2 ] 0.05

5] 347.8] 109.3] 0.2 3 0.4 04| 0.15

6 - -1 34 4 | 1929 602.7| 0.39

7 - -1 09 5 - - -

412 0.1 0.1] 0.0 6 - - -

3 0.2 0.2] 0.0 62 0.2 0.1 ] 0.07

4] 118.9 11] 0.1 3 0.4 03] 0.2
5113746 653.0] 0.8

Bdng 6.5: Két qua SBDD cho SGP véi kjj thudt NDF

Ludn van thgc st Ldp trinh rang budc va bai toan nguoi choi gon



93

6.3.2 So sanh véi phwong phap Local Search

O day s& so sanh két qua dat duoc voi viéc giai SGP dung Local Search

_ - Formatted: Font: 14 pt, Font color:
Black

(vi viy ciu hinh c6 thé nhanh hon cu hinh duoc thir nghiém trong Luan van

t6t nghiép x4p xi 50 lan). Ciing can ndi thém rang Local Search thuong duoc

cho 12 mét phuong phap nhanh trong nhiéu truong hgp ma CP rat kho khan,

g/s|w|SGLS | NDF | g | s | w |SGLS| NDF
6|63 0.01| 0219 |3 |11| 0.08| 28.60
71515 0.07 1.92 4|8 0.09 | 18.90
6| 4 0.09| 0.64 5/6| 009 5.13
713 0.03| 0.25 6 5] 013]| 6.06
8 -1287.21 714 0.14 3.58
813|110 0.23 - 8 13| 0.09] 0.84
41 8 [207.77 1.82 913 0.19 0.96
9 - 736|104 |9 | 0.16]205.05
5|6 0.37|138.23 715 0.41]489.30
6|5 1.21 | 231.41 913 0.21 1.34
7| 4 0.39| 10.06 10/ 3] 039 140
81 4 |360.00|501.46
9 -| 736 {E;;T{;;ig Font: 14 pt, Italic, Font }
Bang 6.6: Két qua cua ,SGLS voi ky thugt NDF o { Formated: ot 141, Fot }

[T

Trong Bang 6.6, ddu “-” chi nhiing trudng hop thoi gian vuot qua 10 phat.
Théng qua Bang 6.6, trong mot sé trudng hop khong tim dugce nghiém téi wu

so v&i SGLS trong thoi gian 10 phit. Tuy nhién, Luan van tot nghiép ciing

_ -] Formatted: Font: 14 pt, Font color:

tim ra nghiém nhiéu hon SGLS 3 truong hop kho (7-7-8, 8-4-9, 8-8-9), -7 | Brack
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6.3.3 So sanh véi phwong phap nhiéu “diém nhin”

Formatted

-1

nhat trong k¥ thuat da nghién ctru dé so sanh (NDF). Thoi gian déu duoc tinh

bang gidy.

Formatted [ﬁ
lei i NDF L . '{ Formatted: Font: 14 pt ]
S | Wi—— i — - - { Formatted: Font: 14 pt, Italic J
nme‘ iltientls ittt Rttt 7{ Formatted [ﬁ
62411 013 0630 " { Formatted: Font: 14 pt )
71213 1471130, 0 7 Formatted L)
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*************************** W Formatted: Font: 14 pt J
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cia phuong phap nhiéu “diém nhin” trong vong nhiéu nhét 1a 5 phit (tham

khao ¢ Bang 6.4).

Théng qua két qua so sanh ta c6 két luan sau day:

Hau hét cac trudng hop trong phuong phap nhiéu “diém nhin” giai
duoc thi déu duge giai bing phuong phap duoc dé xuét trong thoi gian
7 giay!

C6 nhiéu truong hop phuong phap nhidu “diém nhin” da can dén 20,
30 tham chi 60 phut, trong khi d6 ¢ ddy chi giai trong vong xap xi 1
gidy!

C6 thé giai nhidu truong hop trong phuong phép nhiéu “diém nhin”
gidi trong thoi gian 16n (tham chi mét gio): 6-4-5, 8-3-5, 5-4-4, 6-4-3,
7-4-3, 8-5-2. Trong khi d6, ta c6 thé giai dwoc v6i nghiém t6i wu hon

(dat dugc nhiéu tudn hon) trong thoi gian 2 phit.

‘ 6.3.4 So sanh voi phuwong phap IB

Trong Béng 6.8 trinh bay két qua so sanh giira hai phwong phéap IB (phan 5.1)

va phuong phap NDF. Phuong phap IB [2] dugc thuc thi bang C++, trén

Trong cdt w, c¢6 nhimg hang c6 ky hiéu a + b c6 nghia 13: g 1a sé tudn phuong

phap IB dat duoc trong 5 phut, con b 1 s6 tuin ma phuong phap duoc d& xuat

tim dugc kém hon (-) hay nhiéu hon (+) so v6i phwong phap IB.

Nhu vay, thong qua Bang 6.8 c6 thé dua ra nhan xét nhu sau:

Trong 5 phut hau hét nhimng truong hop ma phuong phap IB giai dugc
thi phuong phap NDF ciing giai dugc trong thoi gian chap nhan duoc.
C6 hai truong hgp NDF khong t6i uu bang IB (6-4-6 va 6-4-5) cu thé

hon 1a s6 tuan cia NDF dat dugc kém 1 trong ca hai truong hop

Ludn van thgc st Ldp trinh rang budc va bai toan nguoi choi gon
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= C6 5 truong hop ma NDF giai duoc véi sd nghiém tdi wu hon (hon
1,2,3,4 tuan) so v6i phuong phap IB.
Cén chu ¥ 1a thoi gian cho hai phuong phap déu trong gidi han 5 phit.

g p IB NDF
Wy Time Wy Time
4 3 4 0.01 4 0.06
4 5 0.00 5 0.12
3 7 1.10 7 0.95
S 4 5 0.10 5 0.86
5 6 0.03 6 0.49
3 7 1.36 7 1.48
6 4 6 123.01 6-1 0.66
5 5 6.56 5-1 0.39
3 6 0.08 6+2 6.45
7 4 6 0.05 6 13.21
5 5 0.11 5 1.9
3 8 0.08 8+1 3.70
8 4 5 0.02| 5+4 2.49
5 6 15.63 6 138.77
9 3 9 4.29 9+2 28.6
4 5 0.51 5+3 18.9
Bdng 6.8: So sanh két qud trong viéc tim ra nghiém dau tién gifta
phuong phap IB va NDF.
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CHUONG. 7. GIAI SGP TRONG MOQT SO TRUONG HQP PAC BIET
VA MOI LIEN QUAN VOI CAC HINH VUONG LATIN TRUC GIAO

O day sé giai SGP trong trudng hop dic biét p-p-(p+1), khi p 1a s6 nguyén td,
ngoai ra ciing dwa ra mot vai két luan vai truong hop s-s-w cho ca truong hop
s chin va s 1&. Phan nay ciing néu ra mot quan hé rat thi vi gitta SGP véi

hinh vudng latin truc giao.

7.1  Gi6i thi¢u thuat toan

Thuat toan nay dung dé giai SGP cho trudng hop p-p-(p+1), khi p 1a sb
nguyén t. Didu dic biét 1a n6 khong mét thoi gian cho viée tim kiém.

Ta s€ minh hoa y tudng cua thudt toan thong qua mot vi du. Bang 7.1 1a mot

truong hop cua SGP cho 3-3-4

Bang 7.1: Mot truong hop cua SGP cho 3-3-4
Nhu trong phﬁn 2.1 da néi, cac tay gon 1, 2, 3 duoc ¢6 dinh tai cidc nhém 1, 2,
3 ké tir tudn tht hai tré di. Tudn tha hai cling duoc ¢ dinh & nhom thir nhat.
Khong kho khin gi dé chung ta c6 dugce nghiém cho tuan thir 2. Tir day thuét
toan dugc bit ddu. Ta st dung ¥ tudng xudt phat tir ki thuat han ché mién
(ND trong phan 2.2) rang cac phan tir ¢ vi tri thir nhét chi quan tdm dén nhom
thir nhat (trong tuan 1), nhitng phan ttr & vi tri thi hai chi quan tdim dén nhom

thir hai (trong tuan 2), ...

Ludn van thgc st Ldp trinh rang budc va bai toan nguoi choi gon
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gon 9. Lam tuong tu chl'mg ta s€ du:qc nhom thir hai, va nhom thir ba cho tuan
thir ba. Tiép tuc lam nhu vay va ching ta s€ dat duogc tuan thr 4 nho tuan tha
3. Cudi cing chung ta dugc nghiém hoan chinh (t6i wu cho sb tuin) trong

Béng 7.2 .

week | groupl group 2 | group 3
I |1 2 3|4 5 6|7 8 9
2 |1 4 7]2 5 8|3 6 9
3 115 912 6 7|3 4 8
4 |1 6 8|2 4 9|3 5 7

Bang 7.2: Mot nghiém hoan chinh cho SGP 3-3-4

Va tir ddy co6 thé phat hién ra mot quy luat cho thuat toan. M6 ta dudi dang
ma gia nhu sau:
Procedure SGP_PrimeNumber(In: s, Out: S)

n & 558

W1 & {<l 2 LS5, <§+1 2*é'> <Q§' 1)*‘5:4-1 ’é‘ﬁ%} 7777777 //—/;/

N { Formatted:

W, € {Gl, ..., Gs}={<1, s+, ..., (s-1)*s+1>, ...<s, 2%s, ... s%5>}

const <s+1
for i from 3 to s+/ do {generate i" week}
begin

W, <0

forjfromltosdo {generate j" group}
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Gi € {P}
pos<j
_{ Formatted: Font: Italic )
forkfrom2tosdo {generate k" player} /
pos€< (postconst) mod n
P € WJi-1, pos]
G; €G; U{Py}
end for;
end for;
W; € W, U{G;j};
end for;
end Procedure
Chii y W[ij]: diing dé chi tay gén 6 vi tri thit j trong tuan W[i] (W[i] dwoc coi
la mot danh sdach voi do dai n). G; chi nhom thir i.
7.2 Mot s6 thio luan cung két qua xung quanh thuit toin
Dotu va Van Hentenryck [12] cling c6 mdt thuat toan giai trong SGP p-p-
(p+1) khi p 12 nguyén t6 (kha twong ty voi thuat toan di duge dé xuat). O do
cac tac gia da két luan vé thuat toan nhu sau:
) _{ Formatted: Font: Italic )
" Khi odd chia hét cho 3, thudt toan dat dugc nghiém dang odd-odd-4. .~ {Formatted: Font: iali )
= Khi odd chia hét cho 5, thudt toan dat duoc nghiém dang odd-odd-6. {LFormatted:Font: e )
» Khi odd chia hét cho 7, thuat toan dat dugc nghiém dang odd-odd-8.
Thong qua thuat toan dugc dé xuét, ta cling c6 mot s6 két luan nhu sau:
= Thuat toan giai SGP cho truong hop p-p-(p+1). khi p 14 sé nguyén tb
(Pi kiém tra cho moi s6 p < 73).
) _{ Formatted: Font: Italic )
» Thuét toan ding cho moi truong hop odd-odd-4, khi odd 1as61¢.
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* Thuat todn ding cho moi truong hop number-number-3. N6 dugc -
chting minh bang nhiing 1ap luan sau:

0 Theo nhu thudt toan tudn tht hai duogc gan véi moi nhom dat
dugc cac tay gon tir cic mdi nhom khac nhau (do sé tay gon
trong mdi nhoém chinh 13 sb nhom trong tuan), do vay tuan thi
hai théa man tuan thir nhét.

0 Mbdi nhém trong tuan thir ba ciing c6 duoc cic tay gon tir cac

nhom khac nhau trong tuan thi hai va tuan thir nhat.

-

-
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Chung ta hdy cung xem xét truong hgp nay.

- Trong tudn thtr hai, tay gon 1 va tay gon (s*s/2+1) trong ciing nhom
thir nhét, boi vi tay gon (s*s/2+1) 1a tay gon dau tién trong trong
nhom (s/2+1).

- NOoO cling khong khé hinh dung ra tay gon (s*s/2+1) s€ ¢ nhom
(s/2+1) trong tuan thaba, L

- Tiép dén tuan thtr tu, tay gon (s*s/2+1) s& & nhom dau tién. Va nhu
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week groupl group 2 group 3 group 4
I 123 4|5 6 7 8|9 10 11 12|13 14 15 16
2 /159 13|12 6 11 143 7 11 15{4 8 12 16
3 /1 6 11 16(2 7 12 13|3 8 9 14|4 5 11 15
4 |11 7 9 2 3 4

g6n (s*s/2+1) chinh la tay gén sé 9.
Nhu vay, co thé két luan thuat toan ding cho moi truong hop number-

kiém ( trudng hop t6i uvu cho SGP 6-6-3 ciing duoc giai boi thuat toan ).

7.3  Lién hé SGP véi hinh vuong Latin truc giao
7.3.1 Gidi thiéu hinh vuéng Latin truc giao
Trudce hét, ta mudn gidi thiéu vé hinh vudng (Latin Square) va hinh chit nhat
Latin (Latin Rectangle).
Dinh nghia 7.1
Mot ma tran nxn la hinh vuéng Latin cép n, néumdisb 0, 1, ..., n-1
xuét hién ding mat 14n trén mdi hang va mdi cot. m

Vi du vé mét hinh vudng Latin nhu trong Bang 7.4 13 hinh vudng Latin cép 4.

Tong quat hon, chiing ta c6 thé thay céc s6 bang cac ddi tuong khac nhau.

— | O N

01 3
2|3 1
312 0

11032
Bdng 7.4: Mét vi dy vé hinh vudng Latin cdp 4

Ludn van thgc st Ldp trinh rang budc va bai toan nguoi choi gon
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Dinh nghia 7.2
Mot ma tran 7xn dugce goi 1a hinh chir nhat Latin, néu méi s0 0, 1, ...,
n-1 xuat hién nhiéu nhat mot lan trén mdi hang va mdi cot. m

Vi du vé mét hinh chit nhat Latin nhu trong Bang 7.5.

0(1(21]3
213101
31211|0

Bang 7.5: Mot vi du vé hinh chir nhdt Latin 3 x4

Nhu vay véi mdi hinh vuong Latin ta co thé dat dugc hinh chit nhat Latin
bang cach loai bo mot s6 hang trong hinh vudng Latin. Con tir hinh chit nhat
Latin, li¢u chiing ta c6 dat dugc hinh vudng Latin khong? Cau héi da co trong
dinh ly sau:
Dinh ly 7.3

Néu r < n, thi v6i bt ky mdt hinh chir nhat Latin xn cé thé dugc mo

rong thanh hinh chir nhat Latin (r+1)xn.

Viéc chimg minh c6 thé tham khao tai [4].
Bay gio da toi luc ching ta thao luan téi cac hinh vudng Latin truc giao
(Mutually orthogonal Latin squares - MOLS).
Dinh nghia 7.4

Tir ddy suy ra mot tinh chat sau:
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Tinh chdt 7.5
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Vi du trong Bang 7.6 1a mot tip MOLS gdm 3 hinh vudng Latin
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310 1
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N[ =W O
—_— N O W

0 213
2 312
3 01
1 1|0

N W | O~

3
1
0
2

W | O | N =
S|W | =D

013 3

Bang 7.6: Hai hinh vuéng Latin tryc giao
Tu dinh nghia 7.4 ching ta ciing suy ra dugc tap hinh chir nhat tryc giao
(Mutually orthogonal Latin rectangles - MOLR).
Dinh nghia 7.6
Mot tap MOLR la mot tap hinh chir nhat Latin sao cho bat ky mot cap
hinh chir nhat L,va Lg nao tir tdp do, thi cap (Ly(7,j), Lp(i,j)) phai khac

nhau voimoiiva;. m
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7.3.2 MGoi lién hé giira MOLS va SGP

Thuc ra cling khong phai ty nhién ma cé su lién hé gitra MOLS va SGP. Su
lién hé nay thuc chat 13 ca hai déu lién quan dén cac bai toan mang tinh to
hop.

Tai [I1.2.3] trong [9], c6 gidi thi¢u mot thudt toan xay dung tdp MOLS nhu

sau:

-
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xét truong hop n 13 liy thira cua sé nguyén t, néu xét trudng hop khac ching
t6i s& néu cu thé).

Khi ta dat canh nhau cac (n-7) MOLS cap n ta nhan thy rang chinh chiing
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duogc thé hién thong qua tinh chét 7.5

Ta s¢ lay mot vi du dé lam ro két luan trén.
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Chung ta hdy xem bang sau:

week | groupl | group 2 |group 3
1 |11 2 34 5 6/7 89
2 |1 4 7|12 5 8|3 9
311 5 92 6 7|3 8
4 /1 6 8|2 4 93 7

ching ta dugc bang sau:

Golfer
1 2 314 5 617 89
week
1 1 1 1 2 2 213 3 3
2 123712 3|12 3
3 12373121231
4 12312313 1 2]
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PHAN IV. KET LUAN

Theo cach giai quyét truyén thong véi cac bai toan t6 hop kho, c¢6 hai cach
tiép can truyén thong: Hodc 1a thuc hién thu cong thuat toan sé giai chinh xac
trong l4p trinh truyén thong, hodc 1a mé hinh bai toan dung thuat toan c6 sin
cho 16p céc rang budc sd hoc cu thé. Han ché cia phuwong phap thir nhat 1a
viéc thiét ké nd doi hoi chi phi 16n va khong d& gi bién d6i khi bai toan thay
d6i. Han ché ctia phwong phap thtr hai 1a khong dé gi dién ta hiéu qua céac
rang budc trong mién tng dung di mém déo va hiéu qua cho phép cac kinh
nghiém trong cac mién dugc chi ra dé giai quyét chung. Ngon ngit CP hién
dai c6 thé khic phuc duoc nhitng diém yéu nay bang cach cung cip mot ngon
ngit 1ap trinh dwa trén viéc giai rang budc tinh vi nhat. Piéu nay c6 nghia 1a
ngudi 1ap trinh c6 thé viét chuong trinh trong khi k¥ thuat giai chung da duoc
cung cip trong viéc thyc thi ngon ngit. Chung ta déu biét rang moi bai toan
déu c6 rang budc, cong viée ctia ching ta 1 tim ra gia tri cta cac bién thoa
man céac rang budc do. Lap trinh rang budc cang to rd hi¢u qua trong nhitng
bai toan ma viéc yéu cau mo ta rang budc mang tinh mém déo. Va cang ngay
1ap trinh rang budc cang thé hién rd vai tro manh mé ctia minh trong viéc giai
nhitng bai toan lién quan dén nhiing thyc trong cudc sdng, cang ngay linh vuc
mg dung ctia n6 cang tré nén phong phi (toan hoc, y hoc, kinh té, vat 1y, tin
hoc,...).

Phan II, Luan van nhiing kién thirc ¢c6 dong nhat cho CSPs: nhitng dinh nghia
cung v&i nhitng khai niém quan trong cho CSPs; Luan van ciing néu va thao
ludn mot cach khai luge khi giai CSPs, cac k¥ thuat ap dung nham bién ddi
bai toan sao cho bai toan sau khi bién ddi gon hon va d& giai hon. Luan vin
t6t nghiép ciling néu tong quan vé cac thuat toan tim kiém vi n6 1a mot nhan t6

quyét dinh chinh trong qua trinh tim nghiém ctia bai toan.

Ludn van thgc st Ldp trinh rang budc va bai toan nguoi choi gon
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bay hé théng sao cho phu hop voi cac tiéu chi cho viéc giai SGP: cic md
hinh khéac nhau, cac ky thuat khac nhau, cac phuong phap giai khac nhau, va
su két hop giira chung. Pong thoi Luan vian ciing so sanh giita cic mé hinh,
cac phuong phap khac nhau.
Luan vian tot nghiép da gidi thiéu bai toan cing voi nhiing kién thic can thiét
cho bai toan “Ngudi choi gén”. Tir d6 ching duge ing dung cho nhitng phan
sau. Tiép dén da gioi thi€u mot ) ky thuat, rang budc nham loai boé d6i xung
tinh trong bai toan, vi hau nhu cac phuong phap khac déu sir dung mot phan
(hodc hau hét) cac k¥ thuat trong phan nay, dong thoi ciing dua ra 2 k¥ thuat
moi dé ap dung cho viéc giai SGP. Hai k¥ thuat d6 1a
= K§ thuat ND: Day la mot rang budc du thira, no khong lam mat
nghiém bai toan. Lam bét kha nang xét trong qua trinh tim kiém.
N6 ciing rat d& dang ap dung cho cac phuong phéap khac.
» Ky thuat F: Tuy n6 khong bdo toan tinh nghiém cho bai toan,
nhung trong rat nhiéu trudng hop né giup bai toan giai trong thoi
gian rat nhanh (Bai toan Kirkman, hay bai toan SGP cho trudng

hop 8-4-9).

Sau d6, Luan van ciing giéi thiéu bon mé hinh thuong dwoc ap dung cho viée
giai SGP (c6 thé tham khao thém mé hinh SAT cho SGP[18]). Tir 6 néu ra
nhiing dac trung cua tirng mo hinh khi 4p dung giai SGP.

Vi tinh didc thu cia CSPs 1a tinh dbi xtng trong bai toan (d6i xtng nghiém,
d6i xtmg rang budc) gy tén thoi gian ciing nhu chi phi cho viéc tim kiém
nghiém (ching ta phai tim kiém lai nhimg khong gian nghiém ma dang ra

chung ta co thé suy ra tir nhitng phan khac di xét). Do vay viéc loai bo dbi

Ludn van thgc st Ldp trinh rang budc va bai toan nguoi choi gon
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xtng 12 mot yéu cau ty nhién va thiét yéu. Mot k¥ thuat dugc ap dung rat pho
bién trong linh vuc CSPs d6 1a k¥ thuét loai bo ddi xtmg dong khi giai SGP.
Nhung do tinh dic thu cia cac phuong phép, & ddy tach ra lam hai phan.
= Phan thir nhat ndi vé viéc ap dung cac k¥ thuat loai bo ddi xtng
trong thoi gian tim kiém SBDS va SBDD cho SGP va ciing néu ra
mot vai diém nhim so sanh giita chiing.
= Phan hai gi6i thidu hai phuong phap loai bo dbi xtimg dong cho SGP
d6 1a Intelligent Backtracking (thuc thi bang quay lui thong minh)

va Local Search.

Phén tiép theo, Luan van tip trung vao viéc loai bo dbi xung tinh khi giai
SGP. Chuong cudi dua ra phuong phap dugc dé xuat cung véi cac so sanh két
qua v6i nhitng phuong phéap da trinh bay ¢ nhirng phan trudc.

Ta c6 so sanh két qua thuc nghiém vé6i cac phuong phap:

» Phuong phap SBDD (thuc thi trén ILOG Solver 5.0 va 400MHz
Ultrasparc-1I) . Phuong phap nay dugc danh gia 1a tot hon phuong
phap SBDS . Ta c6 két luan nhu sau:

0 Hau hét nhitng trudng hop ma SBDD giai duoc cling duoc gidi

bang phuong phap duoc dé xuat trong thoi gian nho hon 1 gidy!

(bao 2dm ca bai toin Kirkman’s School).

0 Di tim duoc nghiém t6i vu hon (sé tudn nhidu hon) trong nhiéu

truong hop.

512MB RAM). Trong [13, 21] déu nhan xét rang c6 rat nhiéu trudng
hop ma giai bang 1ap trinh rang budc rat kho khin thi Local Search c6
thé giai nd mot cach dé dang va nguoc lai. Tuy nhién trong mot sd

Ludn van thgc st Ldp trinh rang budc va bai toan nguoi choi gon
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truong hop khong tim duoc nghiém tdi wu so véi SGLS trong thoi gian

10 phat. Tuy nhién & dy cling tim ra nghiém nhiéu hon SGLS 3 trudng
hop kho (7-7-8, 8-4-9, 8-8-9).

= Phuong phap nhiéu “diém nhin” (ILOG Solver 4.4 véi méy Sun Ultra
5/400, 256 MB RAM). Sau khi so sanh ta dua ra dugc khéng dinh nhu

sau:

0 Hau hét cic trudng hop trong phuong phap nhiéu “diém nhin”

giai duoc thi déu dugc giai bing phuong phip dugc dé xuit

trong thoi gian 7 giay.

0 C6 nhidu truong hop phuong phap nhiéu “diém nhin” da can
dén 20, 30 tham chi 60 phut, trong khi dé chi can giai trong vong
xap xi 1 gidy!

0 Luan vin tot nghiép ciing giai nhiéu trudng hop trong phuong
phap nhidu “diém nhin” giai trong thoi gian 16n (tham chi mot
gi0): 6-4-5, 8-3-5, 5-4-4, 6-4-3, 7-4-3, 8-5-2. Trong khi do6, co
thé giai duoc v6i nghiém ti wu hon (dat duoc nhiéu tuan hon)

trong thoi gian 2 phut

_ -] Formatted: Font: 14 pt, Italic, Font
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0 Trong 5 phat hdu hét nhiing truong hop ma phuong phap
Intelligent Backtracking gidi dugc thi phuong phédp NDF ciling
giai duoc trong thdi gian chdp nhan duoc.

0 C6 hai truong hop NDF khong tdi uu bang Intelligent
Backtracking (6-4-6 va 6-4-5) cu thé hon 14 s6 tuan ciia NDF dat

dugc kém 1 trong c4 hai truong hop
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0 Co 5 trudng hop ma NDF giai duge voi sd nghiém tdi wu hon
(hon 1,2,3,4 tuan) so voi phuong phap Intelligent Backtracking.

Trong chuong 7, Luan vin c6 néu ra mot thuat toan dé giai SGP cho trudng
hop p-p-(p+1), khi p 1a nguyén t5, ma khong ton thoi gian tim kiém. Tir thuat
toan nay, da ciling rit ra dugc mot két luan 1a thuat toan co thé dung dé giai
cho truong hop tong quat number- number — 3 v&i number 14 s bat ky.
Ciing tur thuat todn nay, da tao ra dugc mét cach xay dung tap MOLS. Trén co
s0 do, Luan van cling giai thich dugc mdi lién hé thi vi SGP va hinh vuong
Latin truc giao (MOLYS).
Nhu vy 1a tir bai toan Kirkman’ schoolgirls, tuéng nhu 13 mot bai toan db
vui, cling nhu bai toan “Ngudi choi gon” xudt phat tir mot cau hoi thuc té;
Luan vin di tiép can va gi6i thiéu nhitng k¥ thuat trong CSPs dé giai quyét
cho SGP. Viéc giai SGP ciing lién quan rat nhiéu dén nhiing bai toan to hop (
Trong SGP khi (s-1)w=gs-1, né tuwong duong voi bai toan “Balanced
Incomplete Block Design” tai 1.1 trong [9], “Steiner Triples”, MOLS, ...).

Chinh chung c6 nhimng su twong dong, su bo tro; giai quyét mot van dé s& tac

dong dén cac van dé con lai, thuc day va tao ra sy phat trién chung.

C6 nhiéu phuong phap, mé hinh dé giai SGP. Tuy nhién tat ca cac md hinh
déu mubn loai bo ddi ximg cang nhidu cang tot (vi SGP ciing nhu cac bai toan
trong CSPs c¢6 tinh ddi xtng rat 16n) bang tinh, dong hodc két hop ca hai.
Viéc kho khan khi giai SGP ciing 1a nhitng kho khin chung cho cong dong
rang budc khi phai ddi miat véi viée giai CSPs. Mong mudn rang trong twong
lai c6 thé két hop nhitng ky thudt dwoc dé xudt véi nhitng ky thudt khdc nhw
SBDD hay SBDS dé nang hiéu qua trong viéc tim kiém nghiém cho SGP.
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Ngoai ra ciing c¢6 thé thiy rang c6 nhiéu hudng dé phat trién Luan van nhu:
Phat trién hon nita phuong phap (SBDS, SBDD, Intelligent Backtracking,
Multiple-viewpoints, Local Search, thém cac rang budc du thira...). Mdi
phuong phap, mé hinh déu dé wu va nhuoc trong tirng truong hop riéng. Néu
c6 thé, s& nghién ctru su két hop giita cac phuong phap (Local Search + Rang
budc dua thtra, SBDD + rang budc du thtra, SBDD + IB, ...), trong d6 c6 ca
sw két hop gitta cac mo hinh, ...

Viéc giai SGP 1a cong viéc kho, doi hoi phai cé sw két hop nhitng phwong
phdp va tham chi 14 can tim thém nhitng phwong phdp méi, cach tiép can méi.
Day ciing tao tién d& va mong mudn cho nhimmg nghién ctru trong twong lai.
Bét chap su nd lyc cia cong dong rang budc, truong hop 8-4-10 ciing nhu
mot sb truong hop khac trong SGP van con mé. Nhung chinh thach thirc nay
da thic ddy cong ddng ngdy cang phat trién cong nghé rang budc dé ngay

cang phu hop voi nhitng bai toan kho trong thyc té.
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