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TOM TAT

Bai bao tap trung nghién ciru giai quyet bai toan lap lich day chuyen ldp rap da cong nhan
voi muc tiéu cai thién hiéu sudt ciia day chuyen Bai todn dwoc tiép cin bang mé hinh quy hoach
tuyén tinh nguyén hon hop (MILP) nham thé hién cac quan hé thiv tw wu tién, khd nang cia cdc
tram, va tinh kha thi giita cong nhan va tac vu. Do MILP tro nén ton kém vé mdt tinh todn doi véi
cdc truong hop co quy mé vira va lon nén thuat toan di truyen (GA) dwoc dé xudt dé cé dwoc cdc
giai phap gan 16i wu véi thoi gian chay ngdn hon ding ké. Xac thuc trén cdac tap dir lieu chudn nho
cho thdy ca MILP va GA déu tao ra cdc lich trinh kha thi ddp vmg tdt ca cdc rang budc, chimg minh
tinh chinh xdc ciia cdc cong thirc va todn tir. Cdc thi nghiém tinh todn tiép theo chi ra rang trong
khi MILP dat dwoc tinh t6i wu cho cdc trwong hop nhé, GA cung cdp cdc gidi phdp chat lwong cao
va hiéu sudt c¢é thé mé réng cho cdc trwong hop thir nghiém I6n hon. Két qud nhan manh tinh hiéu
qua ciia viéc két hop t6i wu héa chinh xdc va heuristic dé gidi quyét cac van dé Idp lich trinh phire
tap cho ddy chuyén ldp rdp nhiéu nguoi nham gidam thiéu thoi gian hoan thanh.

Tir khéa: Ldp lich ddy chuyén ldp rdp nhiéu nguwoi; Phdn cong tac vu-céng nhan-tram,; Quy
hoach tuyén tinh nguyén hon hop (MILP); Thudt todn di truyén (GA).

ABSTRACT

The paper investigates the Multi-Manned Assembly Line Scheduling Problem (MALSP), where
multiple workers operate concurrently at each station with the goal of improving the productivity of
the line. The problem is approached by a mixed integer linear programming (MILP) model to capture
the relations of precedence, station capabilities, and feasibility between workers and tasks. Since
MILP becomes computationally expensive for medium and large-scale instances, Genetic Algorithm
(GA) is proposed as a heuristic approach to obtain near optimal solutions with significantly shorter
running time. Validation on small benchmark datasets shows that both the MILP and GA produce
feasible schedules that satisfy all constraints, demonstrating the correctness of the formulations and
operators. Further computational experiments indicate that while the MILP achieves optimality for
small instances, the GA provides high-quality solutions and scalable performance for larger tests.
The results underscore the effectiveness of combining exact optimization and metaheuristics to solve
complex multi-manned assembly line scheduling problems aimed at minimizing makespan.

Keywords: Multi-person assembly line scheduling, Task-worker-station assignment; Mixed
Integer Linear Programming (MILP); Genetic Algorithm (GA).
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1. TONG QUAN

Céc day chuyén lap rap 1a mot quy trinh
san xut quan trong, trong d6 may méc va/hodc
cong nhan ldp rép cac thanh phan cta san pham
thong qua mot chudi cac tram lam viéc. Trong
sO vo van ciu hinh ciia ddy chuyén lap rap, day
chuyén 1dp rap da cong nhin — Multi-manned
Assembly Lines (MAL) 1a mét cau trac dang
chu y, trong d6 mot tram lam viéc cod thé cho
phép nhiéu hon mdt cong nhan thyc hién cac tac
vu trén cing mot san pham. Ung dung ciia md
hinh day chuyén lip rap da cong nhan dong vai
trd quan trong trong viéc san xuat hang loat véi
quy mé 16n vi du nhu 6 t6, dién tir, 40 noi that
hodc san xuat thép. Véi loai day chuyén lap rap
nay, cac tram co thé duoc gan nhiéu hon mot
cong nhan dé xir 1y, tdi wu hoa ngudn tai nguyén
nhan lyc va nang lyc san xuét. Mot MAL hiéu
qué, thong qua viéc can bang tac vu gitra nhidu
tram 1am viéc va toi uu hoa 46 dai day chuyén,
c6 thé cai thién nang suét, hiéu qua tai nguyén va
giam tic nghén (bottleneck) [1].

Mic du c6 nhiéu loi thé, MAL ciing phai
d6i mat véi mot s6 thach thire nhu phdi hop téc
vu va kha ning can thiép 1an nhau giita cic cong
nhan. Diéu nay doi hdi phai c6 sy 1ap lich va can
bﬁng can than dé dam bao cong nhan thuc hi¢n
tac vu hi¢u qua ma khong gay ra xung dot hoac
cham tré. Trong cac tinh huéng thue té, viéc gan
tac vu-cong nhan-tram lam viéc (task-worker-
station assignment) 1a mot thach thic dang ke.
Céc cach tiép can pho bién thuong xur 1y van dé
nay mot cach riéng biét hodc bo qua mot sé rang
budc, vi du gia dinh chi c6 mot cong nhan tai
mot tram hodc chi c6 cong nhan c6 cung k§ nang
tai cac tram da nguoi van hanh. Do do, dong luc
thyc tién cua nghién cru ndy nam & viée tip
trung vao ti wu hoa viée 1ap lich trinh cho cong
nhan thuc hién céc tac vu tai cac tram dé tang
cuong st dung tai nguyén va nang cao hi¢u qua
tong thé cua day chuyén lap rap.

Tu gbc do hoc thuat, viéc nghién ctru
cac phat trién ndy mé ra cac co hoi nghién ciru
moi gdm viée kham phé cac mé hinh toan hoc
nang cao, cac thuat toan heuristic va meta-
heuristic, hodc hyper-heuristics dé quan 1y va
lwa chon céc thuat toan phu hop nham giai
quyét cac van dé day chuyén lap rap. Hodc phat
trién cac giai phap lai bang cach két hop cac ky
thuat tir Iy thuyét t6i wu héa va lap lich trinh
nham xu 1y cac truong hop phic tap va da muc
tiéu. Pidu nay gitp cc tng dung c6 thé diéu
chinh nhanh chéng dé giai quyét cac thay doi
trong thuc té (vi duy: thay ddi nhu cau, diéu kién
san xuat) hodc dong thoi giai quyét viéc phan
phéi khéi lugng cong viée va lap lich trinh.

2. TONG QUAN CAC MO HINH TOI UU
TRONG VIEC LAP LICH TRINH

MALBP 1a mot sy chuyén d6i mé hinh
tir bai toan can bang day chuyén lap rép truyén
thong (Assembly Line Balancing Problem -
ALBP), thudc danh muc cin bang day chuyén
lap rap tong quat (General ALBP) lién quan dén
luc Iuong lao dong. Viéc cho phép nhiéu cong
nhan thyc hi¢n tac vu tai mét tram duy nhét co
thé gitip can bang diy chuyén hiéu qua hon va
tang cuong su dung tai nguyén so vdi rang budc
“mot cong nhan mdi tram” ciia ALBP truyén
thong. Trong ALBP truyén thdng, thir tu cac tac
vu do mot cong nhan thyc hién thuong khong
quan trong mién 14 rang budc trinh tu duoc tudn
theo. Tuy nhién, trong MALBP, viéc phdi hop
hanh dong cua cac cong nhan khac nhau tai cung
mot tram yéu cau thu tu céc tac vu phai dugc
xem xét can than dé tranh xung dot tac vu [2].
MALBP con xem xét cac yéu t nhu kha ning
tuong thich véi vi tri ldp dat (dam bao du khong
gian lam viéc cho cong nhan) va viéc chia sé
thiét bi/cong cu giita cac cong nhan [3].

Qua thoi gian, MALBP da dugc mé rong
dé tich hop nhiéu yéu t6 thuc té hon. MALBP

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CG KHI VIET NAM, Sé 337+338, thang 1+2 nam 2026

cokhivietnam.vn



NGHIEN CUU - TRAO DBOI

voi cong nhan lanh nghé (MALBP-SW) nhim
giai quyét viéc tdi wu hoa chi phi hoat dong
(chi phi tram lam viéc cdng véi luong cong
nhan) thong qua mo hinh 1ap trinh tuyén tinh
s6 nguyén hdn hop (MILP) [3]. MALBP voi
cong nhan di chuyén qua cac tram (MMALBP-
WW) cho phép cong nhan “kich hoat” cac tram
lam viéc 1an c4n. Cac phuong phap giai quyét
bién thé nay bao gdbm mo hinh MILP dya trén
trinh tu (SBM) va sir dung quy trinh quyét dinh
Markov (MDP) dé xtr ly tinh chat dong va ngau
nhién [5]. Mat khac, dua trén dic diém coa
ngudi lao dong, bai toan phan cong va can bang
chuyén (ALWABP) d3 m& rong bﬁng cach chia
hai nhom cong nhan khac nhau gdm dong nhat
va di biét (tirc 1a cong nhan c6 k¥ nang va kha
nang tuong tu, va cong nhan c6 ky nang, kha
ning va co thé 1a chi phi khac nhau), sau do
st dung MILP va Heuristic Chén dung (CIH)
dé tim giai phap [6]. Va su tong quat hoa cua
bai toan nay la Bai toan tich hop va can bang
cong nhéan trén day chuyén lap rap voi nhleu
ngudi lao dong (MALWIBP), dugc khoi ngudn
tir cac chién luge luan chuyén cong viéc than
thién VO’i ngudi khuyét tat va muc tiéu la gidm
thiéu sb lugng cong nhén (chu yéu la cong nhan
ddng nhat) va tht hai 1a glam thiéu sb luong
tram lam viéc, dugc gidi quyét bang phuong
phap phén ra theo cap bac (HDH) [1].

C6 nhiéu phwong phép tiép can bai toan
MALBP, nhin chung c6 thé dugc phan loai
thanh cac phuong phép chinh xac, thuat toan
heuristic, thudt toan metaheuristic va phuong
phap lai. Cac phuong phap chinh xac dugc thiét
ké dé tim ra giai phap t6i uu cho mot bai toan
bang cach kham pha mot cach c6 hé thdng toan
bd khong gian nghi¢m. Ba phuong phap chinh
xac co thé duge liét ké 1a l1ap trinh toan hoc,
nhanh va can (B&B) va lap trinh rang buéc
(CP). Céc mo hinh lap trinh toan hoc, bao gom
1ap trinh tuyen tinh s0 nguyén (ILP) va lap trinh
tuyén tinh s6 nguyén hdn hop (MILP) di dugc
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xdy dung dé giai quyét muc tiéu MALBP la
giam thiéu tong s6 cong nhan va sé tram [7].
Céch tiép can nay co6 thé dam bao cac giai phap
tdi wu cho cac bai toan duge xac dinh rd; tuy
nhién, kha ndng mo rong bi han ché do do phuc
tap tinh toan tang theo cap s6 nhan theo quy mo
bai toan. Cac phuong phap Branch and Bound
(B&B) di dugc sir dung két hop véi cac mod
hinh ILP/MILP dé tim ra cac giai phap tdi uu
cho viéc lap ké hoach cho hé théng san xuét
linh hoat [8] va ciing da dugc diéu chinh cho
MALBP dé giam khdi luong tinh toan [9]. Lap
trinh rang budc (Constraints Programming -
CP) ciing da duoc sir dung dé giai quyét cac bai
toan MALBP phurc tap, chung minh kha nang
giai quyét t6i vu mot sb truong hop quy mod
trung binh va cung cap cic giai phap kha thi
cho cac trudng hop thuc té€ 16n, von 1a thach
thirc d6i voi cac phuong phap chinh xac khéac
nhu MILP [10].

Dbi v6i mot sd trudng hop bai toan nhit
dinh, dé giai quyét cac han ché tinh toan cua
cac phuong phap chinh xac cho cac bai toan
MALBP 16n hon, cac thuat toan heuristic va
meta-heuristic da dugc phat trién va sir dung
rong rai. Céac thuat toan metaheuristic dugc s
dung rong rai dé thu duoc cic giai phap gan
t6i wu cho cac truong hop MALBP quy mé 16n
va phuc tap trong thoi gian tinh toan hop ly.
Diéu nay twong duwong véi viéc uu tién toc do
hon 13 céc giai phap chinh xac, dic biét 1a dbi
vGi cac bai toan phirc tap. Pong thoi, can luu y
rang mic di nhanh hon cac phuong phap chinh
xéc, cac phuong phép tiép can heuristic khong
dam bao céac giai phap toi wu, va chat lugng cua
giai phap co thé thay ddi tuy thudc vao thiét
ké cuia heuristic va truong hop bai toan cu thé.
Céc giai phap nay can dugc danh gia va so sanh
true khi dua ra quyét dinh. Cac phuong phap
tiép can heuristic va metaheuristic ¢6 thé duoc
chia thanh cac phuong phap tim kiém dua trén
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cuc. Nhiéu bai toan MALBP da 4p dung thuat
toan co ché i mo phong (Simulated Anneealing
- SA), chang han nhu giam thiéu sb luong cong
nhan va tram, giam thiéu thoi gian chu ky [11],
va toi uu héa da muc tiéu (vi du: t6i da hoa
hiéu qua, giam thiéu do dai duong day va chi
s6 d6 muot) [12]. Thuat toan di truyén (Genetic
Algorithm - GA) ciing dugc ing dung rong rai
trong céc bién thé MALBP don muc tiéu va da
muc tiéu, bao gdm cac dong mé hinh hdn hop
[7], [13], [14]. Tim kiém Tabu (TS) la mot siéu
thuat toan cai tién, kham pha khong gian giai
phap bang cach di chuyén lap di lap lai tir mot
giai phap sang mot giai phap lan can. Dé tranh
viéc lap lai va khuyén khich kham pha cac viing
moi, TS duy tri mot danh sach cac giai phap da
dugc truy cap gan day hodc cac bude di chuyén
tam thoi bi cam. TS da duoc st dung trong nhiéu
loai c4n bang dong lién quan dén MALBP va da
duoc diéu chinh cho céac bién thé va rang budc
cu thé cta van dé. Hiéu suét cua thuat toan da
duoc so sanh vdi cac heuristic va cac phuong
phap chinh xac khac nhu 13p trinh rang budc
CP [15]. Véi su phtic tap ngay cang tang cua
MALBP, cac phuong phép tiép can heuristic
lai da duogc phat trién, két hop cac diém manh
cua cac metaheuristic khac nhau hodc tich hop
cac metaheuristic voi cac ky thuat t6i wu hoa
khac. Cac thuat toan lai nay thuong nham muc
dich cai thién chat luong giai phap, toc do hoi
tu hodc kha nang xur Iy cac rang budc cu thé. Vi
du, heuristic phan tich phan cap (Hierarchical
Decomposition Heuristic - HDH) do Michels
va Costa (2024b) [1] dé xuat dé xay dung céac
giai phap kha thi. Sim-heuristics tich hgp mo
phong v6i metaheuristics dé xtr 1y sy khong
chic chan vé thoi gian xtr Iy hodc cac tham sb
khac [16]. Tom lai, mdi phwong phap gidi phap
déu c6 nhitng wu diém va danh d6i riéng biét.
Viéc lya chon phuong phap sé phu thudc vao
quy md va do phtrc tap ctia bai toan day chuyén
1ap rap, ciing nhu chat luong giai phap can thiét
va tai nguyén tinh toan hién co.

3. PHAT TRIEN MO HINH TOAN HQC
VA THUAT TOAN

3.1. M6 hinh MILP cho bai toan lap lich
trinh diy chuyén lip rap da cong nhén

* Cac gia dinh cua bai toan:

— Tram da nhan cong va bd cuc day
chuyén: M6 hinh cho phép nhiéu hon mét cong
nhan dugc phan cong vao madt tram lam vi¢c
duy nhét. Day chuyén lip rap duoc gia dinh
1a tuan tu, th?mg va nbi tiép. Chi c6 mdt mo
hinh san phérn duoc thyue hién trén moét loai san
pham duy nhat, khong c6 sy da dang san pham.

— Cac tram dugc trang bi cadc mady moc
khéac nhau va phuc vu mot tap hop tac vu nhét
dinh. Khong c6 su gian doan do thiéu may
moc. Khong dugc phép gidn doan qua trinh xtr
Iy hoac thuc hién qua nhiéu tram. Cac tac vu
khong thé chia nho.

— Thu ty thye hién tac vu phai tudn thu
nghiém ngit cac rang budc trinh tir da cho. Néu
nhiéu hon mét tac vu duoc giao cho mdt cong
nhan, thi viéc tuan theo tap hop cac quan hé
trinh tu d4 xac dinh 14 diéu bat budc. Thoi gian
thiét 1ap va thoi gian di chuyén giira cac tram 1a
nhé va cé thé bo qua. Viéc 1ap lich dya trén thoi
gian xu ly tac vu.

— Méi cong nhan duogc phan cong vao
mot va chi mot tram. Mdi cong nhan khong thé
di chuyén dén cac tram khac sau khi da dugc
phan cong. Bai toan bo qua cac yéu td khac c6
thé anh huong dén thoi gian xur Iy va quyét dinh
phan cong, ching han nhu gi6i tinh, tudi tac,
ton gido, cong thai hoc, hoac sy mét madi cua
cong nhan.
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* Cac ky hiéu va tap hop:

Téap hop
T={1,2,..,numT} Tap hop tac vu t
W={1,2,.,numW} Tap hop cong nhan w

S={1, 2,..., numS}

Tap hop tram s

Tuples

TTSet= {(t, t,) | t,t, ET, t, #1}

Tap hop cdp tac vu <t , t,> v6i rang budc thir tu

TWSet = {(t, w) |t ET, w EW}

Tap hop cap tac vu — cong nhan

WSSet= {(w,s)|w EW,s ES}

Tap hop cap cong nhan — tram

TTWSet = {(t, t,, w) | (t,, w) ETWSet, (t,, w) €
TWSet, t, #t,}

Tap hop <t,, t,, w> ca hai tac vu t, va t, dugc gan
trén cung mot cong nhan w, va t #t,

BannedList = {(t,s) |t ET, s ES}

Tap hop cac cap tac vu bi cAm trén tram <t, w>, (vi
du <1, 6> nghia la tac vu 1 khong thé duoc thyuc
hién ¢ tram 6)

Prot

Thoi gian thyc hién tic vut €T

* Cac bién quyét dinh

Bién nhi phan
X, €10, 1} 1 néu tac vu t € T duoc gan cho cong nhan w € W, 0 néu khong duoc gan
Y, €{0,1} 1 néu cong nhan w € W duoc gan cho tram s € S, 0 néu khong duge gan
Z,. €10,1} 1 néu tac vy t, trudce tac vu t,, duqdc gan t’rén cuing coéng nhan w, 0 néu khong
2w uoc gan

Bién s0 nguyén

Start, Thoi gian bit ddu cua tic vu t € T néu dugc gan cho cong nhan w €W
Finish Thoi gian két thuc cua tac vu t €T néu duoc gan cho cong nhan w EW
Begin, Thoi gian bit ddu cua tic vut €T
End, Thoi gian két thuc cia tac vut €T
C Makespan (Thoi gian toi da hoan thanh qua tit ca cac tac vu)

max

* Ham muc tiéu:

Ham t6i thiéu:
Minimize C_ (D)

* Cac rang bugc:

1) Makespan dugc dinh nghia 1a thoi
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gian hoan thanh cong viéc cudi cung trong
chudi cac tac vu, tire 13 tong thoi gian tir khi bat
dau cong viéc dau tién dén khi két thuc cong
viéc cubi cing (phép toan trong phuong trinh

().

Cmax 2 Endt Vt € TSEt (2)
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2) Méi tac vu duoc giao cho mot ngudi
cong nhan duy nhat.
Xew =1
(t.w) e TWSet

vt € TSet 3)

3) Mbi cong nhan duoc chi dinh mot va
chi mot tram lam vi¢c duy nhat.

Yys =1 VweE WSet (4)
(w.s) E WSSet

4) Rang budc tac vu-tram cAm (banned
task-station constraints) theo phuong trinh (5)
quy dinh néu mot cong nhan dugc gan cho mot
tram thi cac tac vu bi cam tai tram do khong thé
duogc giao cho cong nhan do.

V(w, s) € WSSet
(t, w) e TWSet  (5)
(t, s) € BannedList

Yw,s E 1 - Xt_w

5) Tinh nhat quéan giita tic vu, cong
nhan va tram dugc thé hién qua phuong trinh
(6), nghia 1a néu tic vu duoc giao cho cong
nhan (X = 1) thi cong nhan do phai lam viéc
tai tram cho phép thuc thi tac vu do6.

KX < Vs ¥(t, w) € TWSet (6)

(w.s)e WSSet:(t,s)€ BannedList

6) Cac rang budc vé thir ty wu tién tac
vu dugc dién dat qua cac phuong trinh (7) dén
(9), dam bao cac tac vu c6 thir tu hoan thanh ro
rang va khong bi trung thoi gian.

Zy tow =Xt w V(t, t2, w) € TTWSet  (7)
Zy tow =Xew V(ti, ta, w) € TTWSet (8)

Xti,uf + th,“-‘_ 1 i: Zti,tz,w +Zt2,t1,“v'

V(t1, t2, w) € TTWSet 9)

7) Thoi gian hoan thanh tac vu clia modi
cong nhan dugc mo ta trong cac phuong trinh

(10) dén (13), trong d6 tac vu khong dugc giao
c6 thoi gian bang 0.

Finish, ,, = Start, ,, +BigM(1 —Z, . ..)
V(t1, t2, w) € TTWSet (10)

F]-.Il]-.ShL_w = Stal'tr_‘w + PI'Ot : XLW
V(t, w) € TWSet (11)

Startiw < BigM - Xiw V(t, w) € TWSet(12)
Finishiw < BigM - Xiw V(t, w) € TWSet (13)

8) Phuong trinh (14) va (15) tong hop
thoi gian bat dau va két thic cua tung tac vu
qua cac cong nhan.

Begin, = Start,,, Vte€ TSet (14)

(t.w) E TWSet

End, = Finish,,, Vt € TSet (15)
(t.w) € TWSet

9) Piéu kién vé thtr ty thoi gian cua tac
vu dugc dam bao trong phuong trinh (16), véi
thoi gian két thuc cua tic vy trude phai nho hon
hodc bang thoi gian bat ddu cua tac vu sau.

End;, < Begin; V(ti, 1) € TTSet (16)

3.2. Thuit toan di truyén (Genetic Algorithm
- GA)

Thuat toan di truyén (GA) dugc trién
khai nhu mét phuong phap meta-heuristic
dé tim kiém cac giai phap gan toi uu cho bai
toan. GA dugc mo6 phong theo qué trinh chon
loc tu nhién, phat trién mot quﬁn thé cac lich
trinh ng ctr vién qua céac thé hé lién tiép thong
qua cac toan tur di truyén nhu chon loc, lai tao
va dot bién. Muc tiéu cua viée str dung GA la
tim kiém cac giai phap gan t6i wu cho cac bai
toan MALBP quy mo6 16n va phuc tap, trong
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khi van duy tri hiéu qua tinh toan, dic biét khi
cac phuong phap chinh xac (nhu MILP) tré nén
kém hiéu qua.

3.2.1. Céu tritc nhiém sic thé

Budc quan trong nhat 1a ma hoa giai
phap thanh “nhiém sic thé” dé GA c6 thé xu 1y.
Nhiém sic thé duoc thiét ké dé nim bét ba yéu
t6 c6t 161 cua bai toan: phan cong tic vu-cong
nhan, phan cong cong nhan-tram, va thir tu tac
vu cho mdi cong nhan. Cau tric nhiém sic thé
la m&t bd hai mang str dung biéu dién hoan vi.

— Mang phan cong tac vu la mdt vector
c6 do dai bang s luong tac vu trong tap TSet.
MJi vi tri trong mang twong Ung voi mot tac
vu t, va gia tri tai vi tri d6 1a cong nhan w duogc
giao cho tac vu do.

— Mang phan cong cong nhan 1a mot
vector ¢6 do dai bing s lugng cong nhan trong
tap WSet. Mdi vi tri twong ng véi mot cong
nhan w va gia tri la tram lam viéc s dugc giao
cho cong nhan do6.

— Thir ty cac tac vu cho mdi cong nhan
khong dugc ma hoa rd rang ma duogc xac dinh
trong qua trinh giai ma dé tuan thu cc rang
budc trinh tu.

3.2.2. Quy trinh gidi ma

Giai ma 1 qua trinh chuyén doi nhiém
sac thé thanh mat lich trinh kha thi. Quy trinh
giai ma bao gom:

— Trich xuat phan cong nham xac dinh
cac tac vu dugc giao cho modi cong nhan va
tram dugc giao cho moéi cong nhan.

—Kiém trarang budc cam (BannedList):
Kiém tra xem cac cap (tac vu t, tram s) c6 nam
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trong danh sach cdm (BannedList) hay khong.
Néu ¢ vi pham, mot hinh phat 16n duoc ap
dung cho gia tri d6 thich nghi (fitness) hodc tién
hanh sira chira nhidm sac thé.

— Lap lich tac vu cho cong nhan: Déi
véi mdi cong nhan, cic tac vu da duge giao s&
dugc sap xép theo mot thir tir kha thi bang cach
xay dung do thi ¢6 hudng va thuc hién sap xép
t6-p6 dé ton trong rang budc trinh ty.

— Tinh toén thoi gian két thic C_ .
3.2.3. Quy trinh thudt todn di truyén

Qua trinh GA bao gdm cac bude lap lai
nhu sau:

— Khoi tao: GA bat dau béng viéc tao ra
mot quan thé ban ddu gdm N nhiém séc thé. Dé
dam bao tinh da dang va ting téc do tim kiém
giai phap kha thi, quan thé dugc khai tao bang
cach két hop hai phuong phéap: 80% giai phap
ban dau duoc tao ra bﬁng Heuristic tham lam
(Greedy Heuristic) va 20% con lai dugc tao ra
ngau nhién. Heuristic tham lam phan cong tac
vu theo thir tu trinh tu da duoc sép xép t0-po
va chon cong nhén c6 tai trong (workload) thip
nhét trong s6 cac cong nhan kha thi.

— Ham thich nghi Fitness: Panh gia
chat luong cia mdi nhidm sic thé (lich trinh).
Muc tiéu 1a t6i thiéu hoa thoi gian hoan thanh
C,,. Cac giai phap khong kha thi (vi pham
rang bugc trinh tu hodc (BannedList) s€ bi gan
mot hinh phat cao.

—Chonloc: Chonloc giai dau (Tournament
Selection) dugc st dung dé chon cac nhi®m sic
thé “cha me” cho thé hé tiép theo. Mot nhom nhé
k ca thé dugc chon ngau nhién, va ca thé co do
thich nghi t6t nhét (gia tri C__ thép nhat) trong

nhém do duoc chon lam cha me.
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— Lai ghép: Qua trinh nay dugc thuc
hién dua trén mot xac sudt lai ghép nham két
hop hai nhiém sic thé cha me dé tao ra con cai.
Néu lai ghép duogc chon, hai vi tri ngdu nhién
dugc chon trong mang phéan cong tic vu dé chia
thanh ba phan (Head, Body, Tail). Con cai duoc
tao ra bang cach 1dy Head tir cha me 1, Body tir
cha me 2, va Tail tir cha me 1. Néu tac vy-cong
nhan méi dugc tao ra la khong hop le (khong
c¢6 trong TWSet), hé théng s& chon ngau nhién
mdt cong nhan hop 1€ cho tac vu do.

— Pot bién: Dot bién duoc ap dung voi
mot xac suit nho, gitp dua vat chét di truyén
moi vao quﬁn thé va tranh bi méc ket tai cuc
tiéu cuc bo. Chién lugc dot bién 1a dat lai ngau
nhién (random resetting), trong do gia tri cua
mot gen (tic la phan cong tdc vu hodc cong
nhan) duoc thay thé bang mot gia tri ngau nhién
khac trong mién xéac dinh ciia no.

— Co ché stra chita: Sau khi lai ghép
hodc dot bién, co ché stra chita dugc ap dung
dé khac phuc moi vi pham rang budc. Néu xay
ra vi pham BannedList, thudt toan s¢ cd géng
chuyén coéng nhan dén mot tram méi tuong
thich. Néu khong thé tim thiy tram hop 18, tac
vu s& duoc chuyén sang mot cong nhan khéc co
kha nang thyc hién va ¢ tram hop 1€.

— Piéu kién két thuc: Vong lap tién hoa
nay tiép tuc cho dén khi dat dén mot sb lugong
thé hé c¢b dinh hodc khi d6 thich nghi hoi ty,
hodc khi dat duoc gia tri C__ thoa dang.

4. PHAN TICH KET QUA

Thi nghi¢ém dugc thiét ké dé kiém tra
gla thuyet rang GA c6 thé cung cap giai phap
gan t6i wu chit lwong cao cho cac bai toan quy
md nhd va vuot trgi hon CPLEX (MILP) vé
thoi gian tinh toan déi véi cac trudng hop quy
mo 16n va phuc tap hon. Cac tiéu chi danh gia
chinh bao gdm thoi gian chay (Runtime) dé
giai quyét cac kich thudce bai toan khac nhau
va chat luong giai phap (dugc do bang C. max
va phan trim khoang cach (% Gap) so voi
giai phap t6i uu hodc tot nhat da biét). Péi véi
MILP, str dung trinh giai quyét CPLEX ILOG
IBM Studio IDE Version 12.10 véi gidi han
thoi gian chay 1a 120 gidy (dugc tang 1én 180
gidy cho cac truong hop 16n) va GA duoc trién
khai bang Python vé6i cic tham sé chinh cua
GA bao goém: kich thudc quan thé = 100, sb
thé hé = 500, xac suat lai (crossover) = 0.8, x4c
suat dot bién (mutation) = 0.2. Cac bo dir lidu
dugc st dung c6 ba cip do quy mo nhu sau:

Bdng 1. Muc dich va quy mé dir liéu

Quy mé S6 lwong tac vu Muc dich Nguon di li¢u
Nho <10 Xéac nhan md hinh ban dau, kiém tra thi | Bowman (1960), Scholl
- cong tinh kha thi. (1993) [17]
Trung binh 20 iém tra tinh manh m& cua mo hinh v6i |y o o1 (2013) 18
do phuec tap tang Ién.
Lén 50 Dinh gid kha nang mo rong (scalability) | - oy o a1 (2013 [18]
va hiéu qua tinh toan.
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Két qua thi nghiém cho thay sy khac biét
rd rét vé hiéu suat va kha ning mo rong giita
phuong phap chinh xac (MILP) va thuat toan
siéu kinh nghiém (GA) tuy thudc vao quy mo
bai toan. Két qua trén cac trudng hop quy mé
nho. Ca MILP va GA déu tim thay makespan
t6i wu cho tat ca cac truong hop. Cac giai phap

cliia ca hai phuong phap déu khép nhau va
khong vi pham bét ky rang budc nio, diéu nay
xac nhan viéc giai ma va xu ly rang budc cua
GA di dugc trién khai chinh xac. Khong c6 sy
khac biét 16n vé thoi gian tinh toan vi cac bai
toan nho ¢ d6 phirc tap thap.

Bdng 2. So sanh két qua thi nghiém ciia MILP va GA véi dit liéu nho

P i MILP (CPLEX) GA (Python)
S0 luwgng tac vu 5 ;
C Runtime (secs) C Runtime (secs)
7 17 2.60 17 1.8
8 55 3.94 55 3.04
9 28 4.43 28 3.29
10 18 5.30 18 4.63
11 25 4.67 25 4.7

Khi d phure tap cua bai toan tang Ién,
hiéu suat bt dau phan hoa. MILP tim thiy giai
phap cho 13/20 truong hop, trong d6 8 truong
hop dat dugc giai phap toi vu. GA tim thay giai
phap cho 100% (20/20) cac truong hop, tuy
nhién GA chi tim thiy giai phap t6i wu cho 2/20
truong hop nay. Piéu d6 ching minh MILP
¢6 kha nang tim giai phap tdi uru vugt troi hon
voi khoang céch trung blnh (% Gap) ctia két
qua GA so voi giai phap tot nhat caa MILP la
khoang 11.19%, GA nhanh hon MILP d6i véi
céc truong hop cé thé giai quyét dugc (trung
binh 46.86 gidy so vdi 70.1 gidy), nhung GA
lai c6 xu hudng vi pham rang budc trong 7/20
truong hop. Cac trudng hop c6 phan bd thoi
gian xur Iy dong déu kho giai quyét hon céac
truong hop con lai; ca MILP va GA déu khong
thé tim thay giai phap t6i wu trong cac truong
hop nay. Véi kich ban quy mé 16n, kha nang
mo rong (scalability) cua cac phuong phap
dugc thé hién r6 rang. MILP (CPLEX) that bai
(0/5) trong viéc tim ra giai phap kha thi trong
gidi han thoi gian (180 gidy), do do phuc tap
tang theo cap s6 nhan (exponential complexity)
cua bai toan NP-hard. GA (Python) thanh cong
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trong viéc tim ra giai phap kha thi cho tat ca 5/5
truong hop trong thoi gian tinh toan hop ly véi
thoi gian trung binh 1a 326.67 giay.

Phan tich d§ nhay ciling dugc thyc hién
nham danh gi4 tinh manh mé cua cac giai phap
khi cac tham sd dau vao thay doi. Thoi gian
xr 1y 1a tham s6 c6 anh hudng 16n nhat dén
C, .. Khi thoi gian xtr ly tang (15% va 30%)
Cm tang manh. MILP cho théy tinh dan hoi cao
hon (C_  tang it hon) so v6i GA. Vi du, khi
thoi gian xu ly tang 30%, C_ duge xu ly bang
MILP tang 30.1% so voi C _ €O 80, trong khi
do C .. cua GA tang 46. 6%. Piéu nay chi ra
rang MILP manh me hon trong truong hop thoi
gian xu ly bi thay ddi. Mat do rang budc tht tu
vu tién cling duoc diéu chinh dé phan tich do
nhay. Tang mat d§ rang budc vu tién (15% va

30%) lam tang C__ cua ca hai phuong phap,
nhung GA bi anh hu:crng manh hon cho thiy
GA kém hi¢u qué hon khi phai xtr ly cac rang
budc phu thude cao. Két luan x4c nhan rang
MILP 14 Iya chon tdt nhat dé dam bao tinh t6i
uu cho cac bai todn quy mo nho va trung binh,

nhung GA 1a bat budc dé tim ra cac giai phap <~
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kha thi trong gidi han thoi gian cho cac bai toan
quy mo 16n mic du n6 khong dam béo tinh tbi
vu. Su khong chéc chin vé thoi gian xtr ly duoc
xéc dinh 1a tham sd quan trong nhat anh hudong
dén Cmax, v&i MILP thé hién do bén cao hon.

5. KET LUAN

Céc két qua thir nghiém da chi ra rang
trén bd dir liéu quy mo6 nho ca mo hinh MILP
va giai thuat GA déu dat 100% tinh kha thi
ma khong vi pham céac rang budc va thoi gian
tinh todn trung binh dudi 5 gidy. Voi quy mo
trung binh, GA ludn tim dugc giai phép kha thi
(100%) nhanh hon MILP, du khoang cach chat
luong trung binh khoang 11,19%. O quy mo
16n, MILP hoan toan that bai trong khi GA van
giai quyét duoc tit ca cac truong hop chi trong
dudi 350 gidy, chung té kha nang mé rong vuot
troi. Két luan chung vé phuong phap GA duoc
xem 1a hiru ich khi can tim kiém giai phap cho
tat ca cac bai toan, dic biét a cac bai toan 1om,
mic du khong thé dam bao chat lugng tdi wu
tuyét ddi, trong khi MILP phu hop hon dé tim
kiém giai phap tdi wu trong thoi gian chay hop
ly ddi véi cac bai toan quy mo nho.

Nghién ciru ndy mé ra nhiéu huéng tiém
nang cho cac phat trién trong tuwong lai: toi uu da
muc tiéu bang Hybrid-GA hodc metaheuristic,
xtr 1y thoi gian thuc (cong nhan ving, may
hong), ap dung hyper-metaheuristics dé thu hep
khoang cach chit luong & bai toan 16n, két hop
mo phong dé xac nhan giai phap dudi diéu kién
ngau nhién, va cudi cung 13 chuyén giao tir nén
tang 1y thuyét viing chic sang cac hé thong day
chuyén lap rap cong nghiép linh hoat, thich tng
cao.

Loi cam on:

Nghién ctru nay duoc trich tr bai luan
van tot nghi€p thac si Khoa K¥ thuat va Quan
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