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MO PAU

1. Tinh cAp thiét ctia dé tai lun 4n

Bai toan hon nhan 6n dinh (Stable Marriage Problem, SMP) 1a mot bai
toan ghép cip ndi tiéng dudc gidi thiéu 1an dau tién bsi Gale va Shapley nim
1962. Bai todan SMP gdm mot tip n ngudi nam va mot tip n ngudi nif, trong
d6 mbi ngudi xép hang “thich” nhiing ngudi khic gidi theo mot thif tu vu tién
tit 1 dén n trong mot danh sach xép hang. Muc dich ctia bai toan 12 tim mot
phép ghép giita nam va nif sao cho thda man sy 6n dinh (stable) theo mot tiéu
chuin nao d6. Gan ddy, bai toan SMP da nhan dudc nhiéu sy quan tim ciia
cdc nha nghién cifu trong cac linh vuc Tri tué nhan tao va Tinh toan tdi uu.
- Vé mqit thuc tién: Nam 2012, Shapley va Roth da dudc trao giai thudng Nobel
kinh té vi cic thanh tuu dat dugc dua trén cdc mo hinh xult phat tl bai toan
SMP trong linh vyc quan ly thi trudng chiing khoan tai My. Ngoai ra, bai todn
SMP c¢6 nhiéu ing dung trong thuc t& nhu: (i) bai todn phan bé sinh vién thuc
tap t6i cac doanh nghiép; (ii) bai todn phan cong gidng vién huéng din sinh
vién thuc hién céc dé tai; (iii) bai toan phan bd nha & cho dan cu; (iv) bai toan
t6i uu héa cic yéu cau dich vu ctia ngudi ding Internet t6i cac nha mang vién
thong. Vi vay, can nghién ctiu bai toan hon nhan 8n dinh va cic bién thé dé
tim ra cdc giai phép tbi uu cho vin dé ghép cip trong cic ting dung thuc té.
-Vé mdit khoa hoc: Mot s6 bién thé clia bai toan SMP da dudgc dé xuit gin day
nhu: (i) bai toan hén nhan &n dinh véi thii ty uu tién ngang bang (SMT), (ii) bai
toan hon nhén 6n dinh véi danh sach kh()ng day du (SMI), va (iii) bai toan hon
nhén &n dinh véi thif tu vu tién ngang bang va khong day di (SMTI). Trong bai
toan SMT va SMTI, véi viéc xuét hién xép hang ngang bing trong danh sach
xép hang, Irving va cong su (2002) di chi ra c6 ba diéu kién vé phép ghép
&n dinh dudc xem xét bao gdm: 6n dinh yéu (weakly stable), n dinh manh
(strongly stable) va siéu &n dlnh (super- stable) Cac tic gia da chUng minh
rang mot phep ghép 6n dinh yéu ludn ton tai, trong khi phép ghép 6n dinh
manh va siéu 8n dinh c6 thé khong ton tai v6i moi thé hién clia cdc bai toan
SMT va SMTI. Ngoai ra, cac tac gia cing da chiing minh, viéc tim mot phép
ghép &n dinh yéu véi kich thude tdi da (MAX) 1a mot bai toan NP-khé. Trong
nghién ciu nay, luin 4n tip trung nghién cifu tim ra mdt phép ghép 6n dinh
yéu véi kich thudc t6i da (MAX), do vay dé don gian, luan 4n goi phép ghép
&n dinh yéu 1a phép ghép 6n dinh. P nghién cifu bai toan ndy, cin nghién
clfu céc thuat toan heuristic d€ tim mot phép ghép &n dinh yéu véi kich thudc
t6i da cho MAX-SMTI va céc bién thé.
2. Muc tiéu nghién cdu: Muyc tiéu nghién ciu cia luén an tip vao hai ndi



dung chinh nhu sau:

- Nghién cifu téng quan vé bai toan hon nhan 6n dinh va céc bién thé.

- Nghién ciiu va dé xuét cic thuét toan heuristic dé giai quyét cic bai todn
MAX-SMTI, MAX-HRT va MAX-SPA.

3.B6 cuc ctia luén an: B cuc ctia Luan 4n gdm phan mé dau va bon chuong
ndi dung, phan két luan va danh muc céc tai liéu tham khao.

- Chuong 1. Tong quan vé bai todn hon nhdn 6n dinh. Trong chuong nay,
luan 4n trinh bay tdng quan cd s& ly thuyét va tinh hinh nghién ctiu cda bai
toan hon nhan &n dinh va céc bién thé.

- Chuang 2. Dé xudt cdc thudt todn gidi bai todn MAX-SMTI. Trong chuong
ndy, luin 4n dé xuit 02 thuit toan dé giai bai toan MAX-SMTI. Cic két qua
dugc cong bb tai tap chi chuyén nganh SCIE va hdi thdo qubc té c6 chi sb
SCOPUS.

- Chuong 3. Dé xudt cdc thudt todn gidi bai todn MAX-HRT. Trong chuong
nay, luan dn dé xuét 02 thuit todn dé giai bai toan MAX-HRT. Céc két qua
dugc cong bb tai hdi thao qudc té c6 chi s6 SCOPUS.

- Chuong 4. Pé xudt cdc thudt todn gidi bai todin MAX-SPA. Trong chucng
ndy, ludn dn dé& xuit 02 thuat toan dé€ giai bai toan MAX-SPA. Cac két qua
dugc cong bd hdi thao trong nudc va qude té c6 chi sé6 SCOPUS.



CHUONG 1. TONG QUAN VE BAI TOAN
HON NHAN ON PINH

1.1. Bai toan hén nhan 6n dinh

Mot thé hién clia bai todan SMP kich thudc n, ky hiéu 1a I, bao gdm mot
tap gdm n ngudi nam va ngudi nit. MSi ngudi cé mot danh sich xép hang,
trong d6 mdi ngudi sé xép hang uu tién ngudi khic gisi theo mot thi tu nhét
dinh. Cho m6t vi du clia bai toan SMP gdm 8 nam va 8 nii dugc thé hién trong
Bang 1.1. Gale va Shapley (1962) da trinh bay mdt thuit todn ndi tiéng goi

Bdng 1.1: Mét thé hién ciia bai todn SMP

Danh sach xép hang ciam; € M Danh sach xép hang ctia w; € W

mi. W4 W3 W1 Wy W2 Wg W Wy Wi. Mg M7 M3 Mg ™M1 My M2 Mg
mo. Wo W8 W4 Wy W3 W7 W1 We W My M3 Mg ™Mo T T8 Mg MMy
m3: Wy Wg W1 Wq W2 W3 We W7 wWs: Mo Mg Mg My M3 M7 M5 T
my: Weg W4 W3 W2 Wy W8 W1 Wy W4 M5 Mg Mg M3 My M7 TN TN
ms. We Wy Wq Wg W1 W7 W2 W3 Wsg: M1 g MMy Mg Mg Mg Mg My
me. W7 Wq W2 W5 We W8 W1 W3 Weg. Mg Mg M2 M5 M1 My Mg T3
mr7. Wg Wy Wg W3 Wy Wy W1 Wy Wr. My M2 Mg M3 Mg My M7 T
mg: W4 Wy W1 W3 Wy Wg W2 We wsg: Mg M5 M7 M1 Me M2 g M3

1a thuat toan Gale-Shapley dé tim mot nghiém tbi uu cho tap nam trong thoi
gian O(n?). Ngoai ra, mot s6 thuat toan khic ciing da dugc dé xuat nhu thuat
toan x4p xi, thuat toan tim kiém heuristic, vd mot s6 thuat toan khac. Tuy
nhién, bai toan SMP it dudc ting dung trong thuc té bdi cic yéu cau rang budc
nghiém ngit ctia danh sach xép hang, tiic 12 mdi ngudi nam phai xép hang day
di cdc ngudi nif va ngudc lai. Do d6, nhiing nim gan diy mot sb bién thé méi
ctia bai toan SMP di dugc dé xuat va ing dung quan trong trong thuc té.
1.2. Bién th€ ctia bai toan hén nhan 6n dinh

Bién thé diu tién cla bai toan SMP dugc goi 12 bai todn hon nhin 6n
dinh v6i danh sach xép hang ngang bang (Stable Marriage Problem with Ties,
SMT), nghia 12 mot ngudi c6 thé xép hang uu tién hai hay nhiéu ngudi khac
gi6i theo mot thii tu bang nhau. Bién thé khac clia SMP dudgc goi 1a bai todn
hon nhan &n dinh v6i danh sach xép hang khong day di (Stable Marriage
Problem with Incomplete, SMI), nghia 12 mbi ngudi chi xép hang vu tién véi
nhiing ngudi khéc gidi trong danh sich xép hang ctia ho. Néu két hop hai
bién thé SMT va SMI, goi la bai todn hon nhan &n dinh véi danh sich xép
hang ngang bing va khong ddy du (Stable marriage problem with Ties and



Incomplete lists, SMTI). Muc tiéu cta bai toan SMTI la tim mdt phép ghép
khong chi 8n dinh ma con c6 nhiéu nhit sé ngudi nam dudc ghép, hay con
2oi 12 bai todn MAX-SMTI. Manlove va cong su (2008) da ching minh ring
MAX-SMTI la mdt bai toan NP-khé, ngay ca khi danh sach xép hang c6 thi tu
xép hang uu tién ngang bing tif phia ngudi nam hodc ngudi nit. Vi viy, ludn
4n tap trung nghién ctiu bai toan SMTI va céc bién thé ctia no.

Dinh nghia 1.1 (Thé hién SMTI). M¢t thé hién I (instance) cia bai todn
SMTI kich thudc n bao gém mot tgp M = {my, ma,- -+, m, } ngudi nam
va mot tdgp W = {wl, Wa, -+ , Wy } NgUOI nit, trong dé mdi ngudi co thé' xép
hang wu tién mot s6 nguoi khdc gidi theo cdc thit tw cé thé ngang bdng trong
danh sdch xép hang.

Ky hiéu rank(m;, w;) 1a thi hang cia w; € W trong danh séch xép hang
cia m; € M va rank(w;, m;) la thit hang cia m; € M trong danh sich
xép hang cta w; € W. Néu m; € M thyc sy thich w; € W hon wy, € W
nghia 1a rank(m;, w;) < rank(m;,wy) vanéum; € M thich w; € W va
wy, € W nhu nhau nghia la rank(m;, w;) = rank(m,, wy), tuong tu cac ky
hi€u nay ciing dugc dung tu phia ngudi nt.

Dinh nghia 1.2 (Cip chip nhan). Mot cdp (m;,w;) € M x W la mot cdp
chdp nhdn, néu rank(m;,w;) > 0va rank(w;j, m;) > 0.

Pinh nghia 1.3 (Phép ghép). Mot phép ghép la mét tap M = {(m;, w;) €
M x W |rank(m;,w;) > 0va rank(w;j, m;) > 0}, trong dé méi m; € M
chi duge ghép véi mot w; € W va ngugc lai. Néu (m;,w;) € M, thi m;
va w; ban ghép ciia nhau, ky hiéu M(m;) = w; va M(w;) = m;. Néu
m; € M khong dugc ghép trong M, thi m; duoc goi la doc thdn va ky hiéu
M(m;) = @. Tuong tu, néu w; € W khéng duogc ghép trong M, thi w; dugc
goi la doc thén va ky hiéu M (w;) = 2.

Dinh nghia 1.4 (Cép Chan) Mot cap (m;, wj) € M x W la mdt cdp chdn
cho mot phép ghép M néu théa mdn cdc diéu kién sau:

1. rank(m;,w;) > 0varank(w;,m;) > 0;
2. M(m;) = @ hodc rank(m;,w;) < rank(m;, M(m;));
3. M(wj) = @ hodc rank(w;, m;) < rank(w;, M(w;)).

Pinh nghia 1.5 (Cap chan vugt trdi). Mot cdp chan (m;, w;) € M x W vuot
tréi mot cdp chen (m;, wi) € M x W néu rank(m;,w;) < rank(m;,wy).



Dinh nghia 1.6 (Cip chin trdi nhit). Mot cdp chan (mi,wj) € M x W
goi la cdp chdn trdi nhdt theo xép hang ciia m; néu khong ton tai cdp chdn
(mi, wi) nao ma rank(m;, wy) < rank(m;,w;).

Pinh nghia 1.7 (Phép ghép 6n dinh). Mot phép ghép M la én dinh néu khong
ton tai bdt ky cdp chdn (m;,w;) € M x W cho M, ngugc lai M digc goi la
khong on dinh.

Pinh nghia 1.8 (Kich thudc phép ghép). Kich thicde phép phép ghép 6n dinh
M la téng s6 cdp (m;,w;) € M va dugc ky hiéu la | M.

Pinh nghia 1.9 (Phép ghép hoan chinh). Mét phép ghép n dinh M goi la
hoan chinh néu |M| = n, nguoc lai M duoc goi la khong hoan chinh.

Mot thé hién ctia bai todn SMTI bao gdm 8 nguidi nam va 8 ngudi nit dudc
mo ta trong Bang 1.2.

Bdng 1.2: Vi du ciia mot thé hién SMTI

Danh sach xép hang ctia m; € M Danh sach xép hang ctia w; € W

mi: Wy wi. My (m5 mg)

ma: Wk (’LU3 Wy we) (w7 ’LUg) wa. (m3 ms mg)

ma3: Wy (’LU2 w5) wWs3: Mg (m7 ms) ms Mo

my: (’LU5 U}6) wg wy Wyq: M3 (m2 meg m7) ms

ms: (w1 ws) (wg ws) w ws: (ms my mg) (ms my) mo
meg. (w4 w7) (’wg w3 wg) We. Mo M7y (m4 mg)

mr: Wy We (w3 Ws U}7> wr. (mg m6) mr My

mg: Wy Wg W3 ws- (mg m4) meg

Mot s6 thuat toan da dudc dé xuét d€ gii bai todan MAX-SMTI nhu sau:

i) Thudt todn xdp xi: Cac thuat toan x4p xi da dé xuat nhin chung da gidi
quyét kha t6t cho bai toan MAX-SMTI véi chét lugng nghiém tuong dbi tot véi
ty 1& gan ding ting dan 1én so véi cac thuit toan dé xuét trudc dé. Hién tai,
thuat toan xap xi c6 ty 1é gan ding tot nhét 1a 3/2.

ii) Thudt todn heuristic: Cac phuong phap lap trinh rang budc dé gidi bai
toan SMTI di dudc mot sb nha nghién citu dé xuét. Gent va Prosser (2002)
da d& xuit mot nghién cifu thuc nghiém vé bai toan MAX-SMTI. PAu tién, cic
tac gia dé xuAt mot thuat toan dé tao ngiu nhién thé hién SMTI vdi ba tham
s6 (n, p1, p2), trong d6 n 1a sd lugng ngudi nam hay ni, p; 1a xdc suat khong
ddy di va po 12 x4c sudt ciia uu tién xép hang ngang bang. Sau dé, ho dp dung
phuong phép 14p trinh rang budc dé xem xét anh hudng clia cac tham sb p; va



po dén chét luong gidi phap. Gelain va cong su (2013) da dé xuét thuat todn
tim kiém cuc bo, LTIU d€ giai bai toan MAX-SMTI. Munera va cong su (2015)
da mo hinh héa bai todn SMTI va dp dung lap trinh rang budc dé giai quyét
cho bai toan MAX-SMTL

iii) Cdc hudng tiép cdn khdc: Ngoai ra, mot s6 nha nghién cifu da dé xuét
phuong phép tiép can méi d€ gidi bai toan SMTI nhu: st dung md hinh quy
hoach nguyén, st dung mé hinh SAT model st dung dd thi phan déi, va st
dung mé hinh quy hoach nguyén tuyén tinh. Lun 4n nay tap trung nghién ctiu
cdc thuat toan theo hudng tiép can tim kiém heuristic d€ gidi quyét bai toan
MAX-SMTI hiéu qua hon vé thdi gian va chét lugng nghiém so véi cac nghién
cuu trude do.
1.3. Mt s6 ting dung mé rong ctia bai toan SMTI
1.3.1. Bai toan Hospitals/Residents with Ties

Bai todn HRT 12 m& rong clia bai toan SMTI. M6t thé hién HRT kich thudc
n X m gom mot tap R = {ry,re, -+ ,r,} cdc sinh vién va mot tap H =
{h1,ha, -+, hm} céc doanh nghiép, trong d6 mdi r; € R xép hang mot tap
con cia H theo mdt thit ty uu tién khong nghiém ngit, mdi h; € H xép hang
mot tap con clia R theo mot thi ty wu tién khong nghiém ngét va méi h; € H
c6 mot sb lugng tdi da ¢j € Z" sinh vién ¢6 thé nhan thuc tip. Muc tiéu cia
bai todn HRT la tim mot phép ghép 6n dinh M = {(r;,h;) € R x H} véi
kich thudc 16n nhit, tic 1a bai toan MAX-HRT. D& mé rdng tinh ting dung ctia
bai toan HRT trong cdc van dé hd trg tim kiém viéc 1am cho sinh vién vira
mdi ra truéng ndéi chung va cac bac si thuc tap noi riéng, luan an xem xét bai
todn HRT dudi dang mot bai toan ting dung phan bd sinh vién thuc tap téi céc
doanh nghiép va do vay ludn 4n xem cdc sinh vién nhu la cac bac si thyc tap
va cac doanh nghiép nhu la cac bénh vién. Muc tiéu cla bai toan HRT la tim
mot phép ghép Sn dinh gitta sinh vién va cac doanh nghiép sao cho tit c4 cac
sinh vién déu c6 thé nhan dudc vi tri thuc tip phul hop tai cac doanh nghiép,
goi la bai toan MAX-HRT.

Mot thé hién HRT gdm 8 sinh vién va 5 doanh nghiép dugc md ta trong
Bang 1.3.



Bdng 1.3: Vi du mot thé hién HRT

Danh sach xép hang ciia7; € R Danh sich xép hang ctia h; € H

r1: hy hg ho hi:rs (17 15 72) T4 T6 T1
ro: hy (hs ha) h3 ha:rs re (13 14) T1

r3: h1 h5 ho hS: (rsro)re 11 77

r4: h1 (ha hy) ha:rgro Ty Ty

r5: hy hy ho hs: 13 (r7 16 18) T2

r6: (hg ha) hy hs

r7. hg h4 h5 h1

rg: hs hy

Sosinhviéntéidaciah; € Hici =2,c0 =3, c3=ca =c5=1

1.3.2. Bai toan Student-Project Allocation

Bai toan SPA da dugc cac nha khoa hoc quan tdm nghién ctiu vi ing dung
quan trong trong cac trudng dai hoc. Mot s bién thé ctia bai toan SPA da dudc
gi6i thiéu nhu SPA-S, SPA-P va SPA-ST. Gan dy, cic bién thé SPA-P va SPA-
ST dudc cong dong nghién cifu quan tim nhiéu trong cdc tng dung thuc té.
Vi vy, luan 4n tip trung nghién cifu hai bién thé clia bai todn SPA 1a bai toan
SPA-P. Muc tiéu clia bai todn 14 tim mot phép ghép &n dinh véi kich thuée tbi
da, titc 12 c¢6 nhiéu nhét s6 sinh vién nhan dudc dé tai thda man cac diéu kién
rang budc vé s6 lugng sinh vién tdi da clia giang vién va dé tai (MAX-SPA).

Mot thé hién SPA-P gdm 5 sinh vién, 2 gidng vién va 5 d& tai dugc chi ra
trong Bang 1.4.

Bdng 1.4: Vi du mot thé hién SPA-P

Danh sich xép hang clia s; € S Danh sach xép hang ctia [, € £

51:P1P3 P4 l1: p1 p2 3
S2: P5 P1 l2: p4 ps
S$3: P2 Ps

S4: P4 P2

S5: Ps5

Sosinhviéntoidaclap; € Pici=co=cz3=c4 = 1,05 =2
Sosinhviéntéidacual, € L:dy =3,dy = 2

Mot thé hién SPA-ST gdm 7 sinh vién, 3 giang vién va 8 dé tai dudgc chi ra
trong Bang 1.5.



Bdng 1.5: Vi dy mot thé hién SPA-ST

Danh sich xép hang ctia s; € S Danh sach xép hang ctia [, € £

s1: (p1 p7) l1: (57 54) 51 83 (52 85) S6
S2: P1P3 Ps ly: 83 83 57 85

53: (P2 P1) Pa l3: (51 87) s6

S4: P2 o

S5: D1 P4 l1 d& xuat py, pa, p3

56: P2 P8 Iy d¢ xuat py, ps, pe

s7: (ps p3) ps I3 dé xuat p7, ps

Sosinh vién toi daciap; € Prcy =2,¢; =1,(2 <5 < 8)
SO sinh vién toidactaly € L:dy = 3,dy = 2,d3 =2

1.3.3. Cac nghién citu lién quan

Mot sb thuat todn xap xi khac nhau di dugc dé xuét d€ giai quyét bai toan
MAX-HRT trong céc tai liéu v6i xAp xi t6t nhit 1a 3 /2. Ngoai ra, mot s6 hudng
tiép can khéc dua trén huéng tiép can heuristic, quy hoach nguyén da dugc dé
xuét d€ gidi quyét bai toan MAX-HRT. Munera va cong su (2015) chuyén bai
toan HRT thanh bai toan SMTI va 4p dung thuit toan tim kiém thich nghi dé
giai bai toan MAX-HRT. Tuy nhién, cc thuit toin da dé& xuét chua gidi quyét
hiéu qua vé chit lugng nghiém va thoi gian thuc hién cho bai todn HRT véi
kich thuéc 16n. Do d6, luan dn ndy tip trung nghién ctiu va dé xuét cac thuat
toan theo huéng tim kiém heuristic d€ gidi quyét bai toan MAX-HRT véi kich
thudc 16n. Gan day nhit, bai todn SPA dudc quan tim theo nghia tim mot phép
ghép dn dinh yéu véi kich thuéc ti da hoic phép ghép sidu 6n dinh. Cooper
va Manlove (2018) da dé xuit mot thuat todn x4p xi véi ty 1& 3/2 d€ tim mot
phép ghép &n dinh yéu véi kich thuée ti da cho bai todn SPA-ST.



CHUONG 2. PE XUAT CAC THUAT TOAN GIAI

BAI TOAN MAX-SMTI

2.1. Dé xuét thuét toan Max-Conflicts

Algorithm 2.1: Thuit toan MCS

[

—
-

12.
13.
14.
15.
16.

17.
18.

19.
20.

21.
22.
23.
24.

25.

R B AR S

Input: - Thé hién I cia SMTL

- Xdc suét nhd, p.

- Budc lip tdi da, max_iters.
Output: Phép ghép 6n dinh, M.

. function Main (1)

Khéi tao ngiu nhién M;

Mpest := M,
fbcst =n;
iter :=0;

while (iter < maz_iters) do

X :=Find_UBPs (M);
if (X = () then
if (foest > f(M)) then
Mbcst = Ma
fbest = f(M)s
if (fbe.st > O) then
M :=Escape_Local_Minima (M) ;
‘ continue;
else
L break;

for (méi m; € X) do

L ubp(w;) := ubp(w;) + 1, v6i (m;, w;) € X,
for (méi m; € X) do

L h(m;) := n* ubp(w;) — rank(w;, m;), véi (m;, w;) € X;
if (vdi xdc sudt nhé p) then m; := mdt m; € X ngiu nhién;
else m; := argmax(h(m;)),Vm; € X ;
Xoba cdp chan (mj,wg) € X;
iter .= iter + 1;

return My,

. end function




Phan nay dé xut mot thuit todn tim kiém heuristic dua trén cdc xung dot
t6i da (Max-Conflicts based heuristic search, viét tait MCS) dugc mo ta trong
Thuat toan 2.1 cho bai toan MAX-SMTI. Y tudng chinh ctia MCS 1a bit dau tit
mot phép ghép ngiu nhién, thuit toan sé tim mot tap cac cdp chin vugt troi
cip chin trdi nhit va dinh nghia mot ham heuristic d€ chon mot cip chin cip
chiin trdi nhit tot nhat va loai bé khdi phép ghép hién tai. MCS lip lai cho
dén khi tim dugc phép ghép hoan chinh hoic dat dén s6 lip t6i da. Ky hiéu
X = {(m;,w;) | m; € M,w; € W} lamét tap hop cdc cdp chan vuot troi
cip chin trdi nhit theo quan diém ctia nam cho phép ghép khong 6n dinh M.
V6i mbi (m;, w;) € X, khong ton tai cdp chidn nao vugt trdi (m;, w;) theo
quan diém ctia m;, nghia la m; xult hién mot 1an, trong khi w; c6 thé xuét
hién nhiéu lan trong X. Goi ubp(w;) 12 sé cdp chin trdi nhit duge tao bdi
w; € X, thuat todn dinh nghia moét ham heuristic nhu sau:

h(m;) = n x ubp(w;) — rank(w;, m;),V(m;,w;) € X. 2.1

Algorithm 2.2: Tim tip cdc ciip chin trdi nhat, X
Input: Phép ghép M.
Output: Tip céc ciip chin trdi nhit X ctia phép ghép M.

1. function Find_UBPs (M)

2. X =0

3. for (méi m; € M) do

4. wj = M(m;);

s. while (3w, € Wirank(m;,wr) > 0) do

6. wy, := argmin(rank(m;, wg) > 0);

7. if (rank(m;, wi) = rank(m;,w;)) then
8. L break;

9. if ((m, wi) la mot cdp chgn) then

10. X := X U (ms,wg);

11. break;

12. else

13. L X6a wy, trong danh sach xép hang ctia m;;
14. return X;

15. end function
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Algorithm 2.3: Vugt qua cuc bd dia phuong
Input: Phép ghép M.
Output: Phép ghép M.
1. function Escape_Local_Minima (M)
2 if (vdi xdc sudt p < 0.5) then
3 U .= {ml | M(mz) = @};
4. Chon ngiu nhién mot m; € U;
5
6
7

for (mdi wy, € danh sdch xép hang ciia m;) do
if (M (wx) # @) then
L X6a cdp (M (wy), wy) thanh hai ngudi doc than, M (wy)

va wy;

8. else

9. Vi={w; | M(w;) = o}

10. Chon ngéu nhién mot w; € V;

11. for (mdi my, € danh sdch xép hang ciia w;) do

12. if (M (ms) # @) then

13. Xoéa cdp (my, M (my)) thanh hai ngudi doc than, my va
M (my);

14. return M ;

15. end function

Dau tién, MCS tim mot tip hdp X ciia cic cip chin troi nhit cho M bing
Thuét toan 2.2. Thii hai, MCS kiém tra néu X 1a réng, tic 12 M 13 mot phép
ghép 6n dinh. Néu phép ghép tim dugc khong phai 1a phép ghép hoan chinh
thi MCS goi Thuat todn 2.3 dé€ vuot qua diém t6i thiu cuc bo va thuc hién
vong lip tiép theo, ngudc lai, MCS tra vé mot phép ghép hoan chinh. Thif ba,
MCS dém s6 lugng cdc cdp chin troi nhat, ubp(w; ), dudc tao bdi mdi w; € X
va xdc dinh cdc gia tri heuristic, h(m;), cho moi m; € X. Thi tu, MCS liy
ngiu nhién mot m; € X véi xdc suét p nhd hodc lay mot m; € X tuong
ting v6i gid tri 16n nhat h(m;). Cudi cung, MCS loai bd cdp chin troi nhét
(mj, M(m;)) cho M d€ nhan dugc mot phép ghép méi. MCS thuc hién lap
lai cho dén khi tim dudc phép ghép hoan chinh hoic dat dén s6 budc lip tbi
da.

Céc thuat toan nay dudc thuc hién bing ngén ngit 1ap trinh Matlab R2017a
trén moi trudng mot may tinh c4 nhan véi cu hinh Core i7-8550U CPU 1.8
GHz va 16 GB RAM hé diéu hanh Windows-10. Cac két qua dudc chi ra ring
thuat todn MCS vugt trdi so vdi LTIU va AS vé thdi gian thuc hién va chét
lugng nghiém tim dudc cho bai toan MAX-SMTI kich thuéc 16n.
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Algorithm 2.4: Thuat todn HR

Input: - Thé hién I ctia SMTIL
- Budc lip tdi da, max_iters.
Output: Phép ghép 6n dinh, M.

1. function Main (I)
2. for ( méi m; € M) do
3 M(m;) == @;
4 a(m;) == 1; > gan m; hoat déng
5 c(m;) :=0; > gan bién dé&m cho m; bang 0
6 iter .= 1;
7 while iter < max_iters do
8. m; := mdt ngudi nam hoat dong, i.e., a(m;) = 1;
9. if a(m;) = 1 then
10. if | M| = n then break;
11. iter := iter + 1;
12 M := Improve (M) ;
13. continue;
14. if (Fw; € W|rank(m;,w;) > 0) then
15. a(m;) :=0; > gan m; khéng hoat déng
16. c(my) :=c(m;) + 1; > tdng bién dém cuaa ms
17. continue;
18. if ton tai mot nguoi nit doc than w; ngudi ma my; thich nhdt then
19. M(m;) := wjy;
20. a(m;) == 0;
21. else
2. w; := mdt ngudi nit ngudi ma m, thich nhit;
23. my = M(w;);
24. if ton tai mot nguoi nit doc than we ma
rank(my, w) = rank(mg,w;) then
25. L repair (m;,mg);
26. if M (m;) = & va rank(w;, m;) < rank(w;, ms) then
27. repair (m;, mg);
28. rank(my,w;) := 0;
29. else
30. L rank(m;,w;) := 0,
31 return M ;

32. end function
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Algorithm 2.5: Ci tién kich thudc ctia phép ghép 6n dinh M
Input: Phép n dinh, M.
Output: Phép ghép M.

1. function Improve (M)
2. for méi nguoi nam m; € M sao cho M(ml) =0do
3. Khoi phuc lai danh sach xép hang ctia m;;
4. X ={}
5. for méi w; € danh sdch xép hang ciia m; do
6. my := M(w;);
7. if rank(m;, w;) < rank(my,w;) hodc
rank(w;, m;) = rank(w;, my) then
8. | X=X U{w;};
9. if X = 0 then continue;
10. for méi w; € X do
11. my := M(w;);
12 k := s6 lugng w; sao cho rank(ms, w:) = rank(my, w;);
13. h(w;) =
1/k + (rank(w;, m;) — rank(w;j, mg)) x (1 — c(mg));
14. wj = argmin(h(w;)),Yw; € X,
15. repair (m;, mg), voi my := M(w;);
16. rank(my,w;) == 0;
17. return M ;

18. end function

2.2. Dé xuét thuit toan Heuristic-Repair

Thuét todn HR dudc dé xuit bao gdbm thuit todn GS dé tim mdt phép ghép
6n dinh va mot ham heuristic d€ cai thién kich thudc ctia phép ghép tim dugc
bdi GS cho mot thé hién clia SMTI dude mo ta trong Thuit toan 2.4. Pau tién,
HR tim mot phép ghép n dinh bang céach cai tién ¥ tudng ciia thudt toan GS.
Sau d6, thuat todn HR dp dung lai thuat todn GS cai tién. Néu mot phép 6n
dinh tim dudc ma chua dat kich thudc tdi da, thi HR goi Thuit todn 2.5 dé
cai thién kich thudc ctia phép ghép M bing cach dé xuit mot ham heuristic.
Thuit todn HR két thiic khi tim dudc mot phép ghép 6n dinh véi kich thudc toi
da hoiic dat dén s6 1an 1ip t6i da. C4c thuat todn HR, GSA2 va MCS thuc hién
trén phan mém Matlab R2017b trén mdy tinh c4 nhan c6 CPU Core i7-8550U
1,8 GHz va RAM 16 GB, chay trén Windows 10. Cac két qua thuc nghiém
chi ra rang thuat toan HR hiéu qua hon thuat todn x4p xi GSA2 va MCS vé thdi
gian thuc hién va chit lugng nghiém cho bai toan MAX-SMTL
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CHUONG 3. PE XUAT CAC THUAT TOAN GIAI
BAI TOAN MAX-HRT

3.1. Pé xuét thuét toan Min-Conflicts
Phan nay dé xuét thuét toan Min-Conflicts, viét tit MCA d€ gii bai todn
MAX-HRT.

Algorithm 3.1: Thuét toan MCA
Input: - Thé hién I ctia HRT.
- Xdc suét nhd, p.
- Budc lap toi da, max_iters.
Output: Mot phép ghép M.

1. function MCA (1)

2. Khdi tao ngiu nhién M;

3. Mbest = Ma

4. fbest =N,

5. iter :=0;

6. while (iter < maz_iters) do

7 iter := iter + 1;

8 [f(M),X]:=Find_Cost_And_UBPs (M);
9. if (X = 0) then

10. if (foest > f(M)) then

11. Mpest := M;

12. Srest :== f(M);

13. if (fpest > 0) then

14. M := phép ghép dugc tao ngiu nhién;
15. continue;

16. else

17. L break;

18. if (xdc sudt nhé p) then

19. | r; :=motr; € X ngu nhién;

20. else

21. L r; = argmin(rank(hg, r:)),V(r:, hi) € X;
2. Xéa cdp chan (rj, X (r;));

23. return Mps¢;

24. end function
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Thuat toan MCA dugc md ta trong Thuat toan 3.1. Bat du tit mot phép
ghép ngiu nhién M, MCA tim mot phép ghép 6n dinh véi kich thuée tdi
da. Tai mdi budc 1ip, MCA goi Thuat toan 3.2 d€ tim mot tip UBP, X =
{(r;, h;) € Rx H} vatinh gid tri ca ham f (M) = #nbp(M )+ #nur(M),
trong d6 #nbp(M) 1a s6 cidp UBP cho M va #nur(M) 1a sb sinh vién chua
dudgc ghép trong M. Néu M khong hoan chinh, thuét toan sé bat dau lai mot
phép ghép M mdi va tiép tuc 1an lip tiép theo. Sau d6, thuat todn kiém tra
xem mot x4c suit p nhd, MCA chon ngiu nhién r; € X, ngudc lai, MCA chon
r; € X, sao cho hy, € X ua thich nhét. Thuat todn 1dp lai cho dén khi Myes;
12 hoan chinh hoic dat dén s6 1an Lip tdi da. Trong trudng hdp sau, thuat toan
tra vé phép ghép 6n dinh tbi da hoic phép ghép khong &n dinh.

Algorithm 3.2: Tim gid tri ham f(M) va cép chan vugt troi, X
Input: Phép ghép M.
Output: Gid trj ham, f (M), tap hdp céc cédp chin UBP, X.

1. function Find_Cost_And_UBPs (M)

2 X =0

3 #nur := 0;

4. #nbp :=0;

5. for (méir; € R) do

6 ubp := false;

7 while (3h; € H|rank(r;, h;) > 0) do

8 h; = argmin(rank(r;, h;) > 0);

9. if (rank(r;, hj) = rank(r;, M (r;)) then
10. L break;

11. if ((r4, hj) la mot cdp chdn) then

12. X =X U (rs, hy);

13. #nbp := #nbp + 1;

14. ubp := true;

15. break;

16. else

17. | X6a h; trong danh sich xép hang ciia r;;
18. if ((ubp = false) va (r; la chua duoc ghép)) then
19. L #nur := #nur + 1;

20. F(M) := #nbp + #nur;
2. | return (f(M), X);

22. end function

Tt cé céc thuat toan thuc hién trén phan mém Matlab 2019a va thuc hién
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Algorithm 3.3: Thuat toan HS

10.
11.
12.
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31.
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33.
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Input: - Thé hién I ctia HRT.

- Buéc lip tdi da max_iter.

Output: Phép ghép 6n dinh M

. function HS ([)

Khéi tao phép ghép ngiu nhién M;
Mpest =M,
a(r:) :=1,Vr; € R,
y(r;) :=0,Yr; € R;
z(h;) :=0,Yh; € H;
rank'(ri, h;) = rank(r:, h;),¥ri € R, h; € H;
iter 1= 0;
while iter < mazx_iter do
iter = iter + 1;
r; = mdt sinh vién dang hoat dong;
if (Ar; ma a(r;) = 1) then
if | Mpest| < |M| then
Mbcst = Ma
if (| Myest| = n) then break;
M’ := Improve (M);
if M’ = M then break;
M :=M";
continue;

[hj, W(r;)] :=Find_UBP_and_Wait_List (r;, M);
if h; # © then
M:=M \ {(Ti, hk)} U {(Tz‘, hj)}, véi hg 1= M(Ti);
a(ry) :=0;
for méi r, € R dé’'ma W (ry) = hy do
rank(re, hy) := rank’ (re, hi);
a(re) :=1;
if |[M (h;)| > c; then
T4 := MOt sinh vién c6 thi tu xép hang uu tién thip nhét;
M := M\{(rw, h;)};
a(ry) :i=1;

else
L a(r:) :=0;

return Mp,s:;

34. end function
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trén may tinh c6 cAu hinh CPU Core i7-8550U 1.8 GHz va RAM 16 GB trong
Windows 10. Két qué thuc nghiém chi ra rang thuit toan MCA hiéu qua hon so
v6i LTIU vé thdi gian thuc hién va chit lugng nghiém cho bai toin MAX-HRT.
3.2. Dé xuét thuét toan Heuristic-Search

Phan nay trinh bay mot thuat todn tim kiém heuristic (Heuristic Search,
viét tit HS) dudc chi ra trong Thuat todn 3.3 d€ giai quyét bai toan MAX-HRT.
Bat dau tir mot phép ghép ngau nhién M, tai mbi lan lip, néu ton tai mot r;
sao cho a(r;) = 1, HS tim mét h; va mot danh sach ch W (r;) dudc chi ra
trong Thuat todn 3.4 sao cho (75, h;) la mot cap UBP va W (r;) la mot tap
hogp cdc hy, € H ma rank(r;, hy) < rank(r;, M (r;)) hodc rank(r;, hy) =
rank(r;, h;). Néu khong ton tai bat ky h;, sao cho (r;, h;) 1a mot cdp chin,
thuat toan gin a(r;) = 0. Néu khong ton tai sinh vién nao dang hoat dong, c6
nghia 13 HS tim dugc phép ghép 6n dinh M. Néu phép ghép 6n dinh tim thiy
chua dat kich thuéc tdi da, HS st dung Thuat toan 3.5 dé thodt khéi diém cuc
bd va tiép tuc lip lai cho céc budc tiép theo. Thuat todn HS két thiic khi thuat
toan tim dugc mot phép ghép hoan chinh hoic dat dén sb 1an lip t6i da ti da.

Algorithm 3.4: Tim cép UBP va danh sich chd W (r;)
Input: r; va M.
Output: - h; trong d6 (r;, h;) 1a mot UBP.

- Danh sach chs W (r;).

1. function Find_UBP_and_Wait_List (r;, M)
2. for hy € danh sdch xép hang ciia r; do

3. L f(hk) = rank(ri, hk) + |M(hk)|/(ck + 1);
4. hj = ;

5. while (3hi € H|rank(ri, he) > 0) do

6. hi = argmin(f(he) > 1),Vhi € H;

7. if rank(r;, hi) = rank(r;, M(r;)) then
8. L break;

9, if (ri, hi) la cdp chdn then

10. hj = hg;

11. break;

12. else

13. W(r:) := W(r:) U hg;

14. rank(ri, hi) == 0;

15. f(hy) :==0;
16. return h; va W(r;);

17. end function
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Tt cé céc thuat toan thuc hién trén phan mém Matlab 2019a va thuc hién
trén mdy tinh c6 ciu hinh CPU Core i7-8550U 1.8GHz va RAM 16GB trong
Windows 10. Cac két qua thuc nghiém chi ra ring thuit todn HS hiéu qua hon
vé thai gian va chit lugng nghiém so véi thuat toin HP va AS cho bai todn
MAX-HRT.

Algorithm 3.5: Cai thién kich thu6c phép ghép &n dinh
Input: Phép ghép n dinh, M.
Output: Phép ghép, M.
function Improve (M)
for méi r, € R, trong d6 M (r,) = & do
Tim (r;, hy) € M sao cho rank(hi, ;) = rank(hg, )
if y(ry) > y(r;) then
M = M A{(ri; i)} U{(ru; hi) };
y(ra) =y(ra) + 1
a(ry) :=0;
a(r:) :==1;
rank(ry, hi) = rank’ (ru, he);

I I I o

10. for méi hy € H, trong dé |M (ht)| < ¢; do

1. Tim (ri, hy) € M sao cho rank' (r;, hy) = rank’(r:, he)
12. if z(ht) > z(hi) then

13. M := M\ A{(ri,he)} U{(ri, he) };

14. z(he) := z(he) + 15

15. rank(rs, he) := rank’ (73, he);

16. for méi r., sao cho W (r.,) = hy, do

17. rank(rv, h) 1= 1"cml<:"(7”w7 hi);

18. L a(ry) :=1;

19. return M ;

20. end function
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CHUONG 4. PE XUAT CAC THUAT TOAN GIAI
BAI TOAN MAX-SPA
4.1. Dé xuét thuét toan SPA-P-heuristic giai bai toain MAX-SPA-P

Algorithm 4.1: Thuit toan SPA-P-heuristic

Input: Thé hién I cia SPA-P.
Output: Phép ghép 6n dinh M.
. function SPA-P-heuristic ([)

—

2. M =0

3. a(si) :=1,Vs; € S,

4. hy, (Sl) =0,Vlp € L,Vs; € S;

5. while 3 s; vdi a(s;) =1 do

6. if (Fp; € P|rank(s:,p;) > 0) then

7. a(s;) == 0;

8. L continue;

9. p; = argmin(rank(s;,p;) > 0);

10. Iy = giang vién dé xuét dé tai p;;

11 M = M U{(si,pj)};

12. a(s;) == 0;

13. y(s;) := s6 lugng d& tai dugc xép hang béi s;;
1o iy (51) = rank(le, ps) + y(0)/ (g + 1);
15. if |[M(p;)| > ¢; then

16. s¢ := argmax(hy, (s¢)), Vse € M(p;);
. M = M\ {(st,0)

18. rank(s¢,p;) :=0;

19. a(st) == 1;

20. hi,, (s¢) == 0;

2L if [M (k)| > di then

22. s¢ := argmax(hy, (s¢)), Vse € M (lx);
2. Pz 1= M(s¢);

2. M = M\ {(st,p:)};

25. rank(st,pz) :=0;

26. a(se) :==1;

27. hi,, (se) :==0;

28. return M ;

29. end function
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Phan nay trinh bay mot thuét todn heuristic, goi 12 SPA-P-heuristic dudc
mo ta trong Thuat todn 4.1 d€ giai quyét bai toan MAX-SPA-P. Bit dau tit mot
phép M = (). G méi 1an lip, khi mot sinh vién s; ghép cho dé tai thich nhét
p; trong danh sdch xép hang cta s; dé tao thanh mot cdp (s;, p;) € M, néu
dé tai p; hodc gidng vién [, dé xuit p; da nhan qua s6 lugng sinh vién, thi
mot sinh vién tlly ¥ s, € M (p.), trong d6 p., 1a dé tai c6 sinh vién dugc ghép
va xép hang uu tién thp nhit trong I, bi loai khéi M. Luan 4n dé xuit mot
ham heuristic nhu sau:

hlk (St) = T‘mk’(lk’pz) + y(st)/(q + 1)' (41)

trong d6 [;, 1a gidng vién dé xuét dé tai p, va y(s;) la sd lugng dé tai dugc
xép hang béi s;. Néu p; da nhan qua sb lugng sinh vién t6i da, thi sinh vién
t6i nhét s, trong M (p;) sé bi loai khéi M. Néu vy, s; sé x6a p; trong danh
sach xép hang ctia s; va s; sé hoat dong trd lai. Néu [;, da nhan qua sb lugng
sinh vién tdi da, thi sinh vién toi nhat s, trong M (I;,) sé bi loai khéi M. Néu
vily, 54 s& x6a p, trong danh x&p hang ctia s;, trong d6 p. dugc ghép cho s; va
s¢ s€ hoat dong tré lai. Khi mot sinh vién s; bi x6a khoi M, gia tri heuristic
hy, (s¢) dugc gan bang 0. Thuat toan dudc 1dp lai cho dén khi tit ca sinh vién
khong hoat dong va tra vé phép ghép n dinh véi kich thuéc tbi da.

Cic két qua thuc nghiém chi ra riang thuat todn SPA-P-heuristic vugt troi
vé thoi gian va chit lugng nghiém so véi hai thuat toan xAp xi SPA-P-approx,
SPA-P-promotion va thuit to4n heuristic gan diy nhit SPA-P-MCH cho bai toan
MAX-SPA-P.

4.2. Dé xuét thut toan HAG giai quyét bai toan MAX-SPA-ST

Phin nay trinh bay mot thuit toan tim kiém heuristic (Heuristic Algo-
rithm, viét tit HAG) d€ giai quyét bai toan MAX-SPA-ST. Thuit todn HAG
dugc md ta trong Thuat toan 4.2. Bat dau tit mot phép ghép réng, M = (). Tai
mdi 1an 13p, HAG xem xét mot sinh vién s; € S chua dudc ghép ma danh sach
xép hang cta s; khong rdng va xac dinh ham heuristic h(p;) cho mdi dé tai
p; € P trong danh sich xép hang s;, trong d6 p; dugc dé xult bdi [, d€ chon
deé tai t6t nhat dya vao gia tri nhd nhat ciia ham A (p;) nhu sau:

h(p;) = rank(si, pj)—min(dp—|M ()|, 1)/2—(c;— M (pj)]) /(2% cj+1).
4.2)
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Algorithm 4.2: Thuét toan HAG

—-

- e
M =2

13.
14.
15.

16.
17.
18.

20.
21.
22.
23.
24.
25.
26.

27.
28.
29.
30.
31
32.
33.
34.

3s.

R R

Input: Thé hién SPA-ST, I
Output: Phép ghép 6n dinh, M.

M

. function HAG ([])
=0

v(s;):=0,Vs; €S
while frue do

s; = sinh vién chua ghép va danh sach xép hang ciia s; chua réng
if 7 s; then
if | M| = n then break
else
M' :=Escape (M)
if M’ = M then break
M =M
continue

for méi p; € A; do
Iy, := gidng vién huéng din dé tai p;
h(p;) = rank(s:, p;)-min(di-|M (k) , 1) /2-(c;-|M (p;)])
| /(2x¢+1)
p; = argmin(h(p;) > 0),Vp; € P
Iy := giang vién huéng din dé tai p;
if |M(p])| <y va |M(lk)| < di then
‘ M :=MU{(Si7pj)}
elseif [M (p;)| = c; then
[s¢,g(s¢)] ;== Choose_Student (M (p;), k)
if g(s¢) > n+ 1 hodc rank(lk, s;) < rank(lx, s¢) then
M = M\ {(st,p;)} U{(si,p;)}
if g(s¢) < n+ 1then rank(s:,p;) =0
else
L rank(si,p;) =0

else

[Sw, g(Sw)] := Choose_Student (M (Ix),lx)

if g(sw) > n + 1 hodc rank(li, s;) < rank(lk, s.) then
M 3= M\ {(50>pu)} U {55, p5)}, Y61 pu = M(s)
Repair (pu,lk)
if g(sw) < n+ 1then rank(sw,pu) =0

else

L rank(si,p;) =0

return M ;

. end function

21



Tiép theo, v6i mdi sinh vién s; € S, s; d& xuit t6i Dj néu p; dii dung
lugng hodc Iy 1a dui dung lugng, thi thuit todn HAG xéac dinh ham g(s;) dudc
mo ta trong Thuat todn 4.3 d€ chon sinh vién s; dua vao gia tri 16n nhat ctia
ham heuristic g(s;) nhu sau:

g(s¢) = rank(l, s¢) + t(s¢) +r(st)/(q + 1). 4.3)

Algorithm 4.3: Ham heuristic ¢(s;)
Input: Tap céac sinh vién X.
Output: Sinh vién s; va g(s¢).

1. function Choose_Student (X, )

2 for méi sy € X do

3 t(s¢) :=0;

4. for méi p,|rank(s¢, p.) = rank(sy, M(s:)) do
5 1. := giang vién huéng dan dé tai p.,;

6. t(St) =

t(se) + min(d. — |[M(12)],1) x min(c; — |M(pu)|,1) X n;

7. r(st) := s6 lugng dé tai dugc xép hang béi s;;

8. | g(st) :=rank(ly, st) +t(st) +r(se) /(g + 1);
9. s¢ = argmax(g(st));
10. return s¢, g(s¢);

11. end function

Algorithm 4.4: Ph4 v3 cic cdp chin kiéu (3bi)
Input: Phép ghép M
Output: Phép ghép M.

1. function Repair (pu, k)

2 f :=true;

3 while f = true do

4 f:=false;

5. if sp € M(lx) va rank(sg,pu) < rank(sg,pz)|p- = M(s) then

6

7

8

M := M\ {(sk,p=)} U{(sk,pu)}:
Pu =Dz,
f =true;

9, return M ;

10. end function

Thuit toan 4.4 dudc st dung dé phd v cac cip chin khi mot dé tai p,, bi
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x6a khdi M. V6i mdi s € M(l), néu rank(sy, p,) < rank(sk,p.), trong
d6 p, = M(sy), thuét toan loai bd (sg, p.) va thém (s, p,) vao M. Qua
trinh nay lip lai cho mdi dé tai bi x6a cho dén khi n6 khong thé tao thanh cic
cip chin. Néu mot phép phép 6n dinh tim dudc chua dat kich thudc t6i da,
HAG goi Thuit toan 4.5 cai thién kich thudc cia phép ghép hién tai. Thuat
toan HAG diing lai khi tim dudc phép ghép &n dinh véi kich thudc t6i da hoic
tAt ca sinh vién chua dugc ghép khong thé tim dudc bat ky dé tai nao dé ghép.

Algorithm 4.5: Vuot qua téi thiéu cuc bd

Input: Phép ghép on dinh M.
Output: Phép ghép 6n dinh M.
. function Escape (M)

—

2. for méi sinh vién chua ghép s,, € U do

3. Khéi tao lai danh sach xép hang ciia s,,;

4. while danh sdch xép hang ciia s,, khong réng do

5. p- = argmin(rank(s., p-) > 0), Vp, € P;

6. Iy, = gidng vién huéng din dé tai p.;

7. for (méi s; € M(ly) | rank(lx, s;) = rank(lg, su)) do
8. if (|M(p-)|) < cz) hodc (si € M(p=) va |[M(p:)| = c:)

then

9. if v(sy) > v(s;) then

10. pj = M(s:);

M = M\ {(s1,p5)} U{(5u,p:)}:

12. v(su) = v(su) + 1;

13. Repair (pj,lr);

14. break;

15. if M(sy) # & then

16. ‘ break;

17. else

18. L rank(sw,p:) :=0;
19. return M ;

20. end function

Tt c4 céc thuat toan thuc hién trén phan mém Matlab 2019a va thuc hién
trén mdy tinh c6 cAu hinh CPU Core i7-8550U 1.8 GHz va RAM 16 GB trong
Windows 10. Cac két qua thuc nghiém chi ra rang thuét todan HAG hiéu qua
vé thoi gian thuc hién va chit lugng nghiém so vdi thuat todn xap xi APX cho
MAX-SPA-ST.
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KET LUAN

Lu4n 4n da hoan thanh muc tiéu nghién cifu dé ra va dat dugc nhiing két qua
nhu sau:

- P& xuit 02 thuat todn giai quyét bai toin MAX-SMTI dudc cong bd trong
Chuong 2.

- P& xuit 02 thuat toan gidi quyét bai toan MAX-HRT dudc cong bd trong
Chuong 3.

- P& xuit 02 thuat toan gidi quyét bai todn SPA-P vd SPA-ST dudc cong bd
trong Chuong 4.

Ciéc nghién citu dudc cong bd trén cc ky yéu hdi thao, cdc tap chi uy tin
thudc chuyén nganh Heuristic, Khoa hoc mady tinh va Tri tué nhén tao trong
nuée va qudc t€, mot sd cong bd thuéc danh muc SCIE va SCOPUS.

T cic két qua dat dudc va nhiing han ché trong luin 4n ny, trong tuong lai
lun 4n sé tiép tuc nghién ctiu cac thuat todn heuristic hiéu qua cho cac bién
thé khéc clia bai toan hon nhan 6n dinh va cc huéng tiép can khac cho bai
toan hon nhan &n dinh va céc bién thé.
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