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TOM TAT

Trong san xudt cong nghiép hién dai, ldp lich san xudt la céng cu trung tdm dé dam bdo
don hang giao diing han, giam chi phi va ndng cao hiéu qua sir dung nguon hec. Nganh son bot tinh
dién, véi ddc thir quy trinh nhiéu cong doan, nhiéu mdy song song va thoi gian setup phu thugc trinh
tie, 1a mot vi du dién hinh ciia méi truong Flexible Flow Shop (FFS). Néu ldp lich thii cong, doanh
nghiép thuong phdi doi dién véi 1y 1é giao tré cao, mdy méc hoat dong khong dong déu va chi phi
setup lon.

Bai bdo nay dé xudt khung gidi phap hai tang. Tr ru’(rc hét, mé hinh todn Mixed Integer Linear
Programmmg (MILP) dwoc xdy dung dé tim nghzem 16i 1eu cho b dit liéu nhé va kiém chimg mo
hinh. Tiép d6, mét thudt todn heuristics dwgc thiét ké dé xir Iy dit liéu [6m hon, véi muc tiéu riit ngdn
thoi gian tinh todn va tao lich kha thi. Két qua thie nghiém tai Cong ty AkzoNobel cho thdy MILP
dat makespan 16i wu véi bé dir liéu nhé (5 cong viéc, 8 may, 3 cong doan), trong khi heuristics gidi
quyét thanh cong b dit liéu 1om (41 cong viée, 19 may, 7 céng doan) chi trong 14,6 gidy.

Két qua nghién ciru khang dinh sw bo sung giita hai phwong phdp: MILP mang tmh
chudn mue, trong khi heuristics phit hop g dung thuc tién. Huéng nghién ciru tiép theo gom
metaheuristics, t6i wu da muc tiéu va ldp lich dong theo dir liéu thoi gian thuc.

Tw khéa: Flexible Flow Shop, Setup phu thudc trinh tw; MILP; Heuristics; AkzoNobel.

ABSTRACT

In modern manufacturing, scheduling is central to ensuring on-time delivery, reducing costs,
and improving resource utilization. Powder coating production, characterized by multiple stages,
parallel machines, and sequence-dependent setup times, represents a typical Flexible Flow Shop
(FFS) environment. Manual scheduling often results in high tardiness rates, unbalanced machine
loads, and excessive setup costs.

This paper proposes a two-layer solution framework. First, a Mixed Integer Linear
Programming (MILP) model is developed to provide optimal solutions for small datasets and
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validate the models correctness. Then, a heuristics algorithm is designed to handle large-scale
datasets, aiming to reduce computation time while generating feasible schedules. Experimental
results from AkzoNobel show that MILP achieves optimal makespan on a small dataset (5 jobs, 8
machines, 3 stages), while the heuristics algorithm successfully schedules a large dataset (41 jobs,

19 machines, 7 stages) in only 14.6 seconds.

The findings highlight the complementary roles of MILP and heuristics: MILP provides optimal
benchmarks, while heuristics ensures practical feasibility. Future research directions include hybrid
metaheuristics, multi-objective optimization, and dynamic scheduling with real-time data.

Keywords: Flexible Flow Shop, Sequence-dependent Setup; MILP,; Heuristics, AkzoNobel.

1. TONG QUAN

Lap lich san xuat 12 van dé quan trong
trong quan 1y san xuat, dong vai tro cau ndi
gitra ké hoach chién lugc va hoat dong van
hanh hang ngay. Pbi v6i nganh son bot, quy
trinh san xuét gém nhiéu cong doan nhu trdn,
dun, nghién, sang loc, dong goi. O mdi cong
doan ton tai nhidu may song song, khong dong
nhat, ddn dén viéc phan cong va sip xép cong
viéc tréd nén phuc tap. Dac biét, yéu td 1am tang
do kho cua bai toan 1a thoi gian setup phu thudc
trinh tu: khi déi tir mau dam sang mau nhat can
nhiéu thoi gian vé sinh hon so vé&i doi nguoc
lai.

Thuc té tai Cong ty AkzoNobel cho
thay hé thong lap lich thii cong bang Excel giy
ra nhiéu han ché. Nam 2024, c¢6 hon 75% don
hang bi giao tré so voi cam két. Nguyén nhan
chinh 1a viéc phan céng khong khoa hoc khién
may moc mat can doi, thoi gian setup ting cao,
anh huong dén ning suét chung.

Trong nghién ctru trude, Cortés (2011)
dé xuat mo hinh da myc tiéu cho flow shop véi
may song song. Sun va Klein (2007) nghién
cuau lap lich mot may voi setup phu thudc.
Wang va cong su (2019) phat trién giai phap
cho flow shop nhiéu giai doan cé setup. Tuy
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nhién, it cong trinh nao 4p dung truc tiép cho
nganh son bot, noi dir li¢u 16n va setup chiém
vai trd then chot.
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Hinh 1. Quy trinh tong qudt san xudt son bét véi
nhiéu cong doan va mady song song.

2. PE XUAT NGUYEN LY LAP LICH
TRONG FFS

2.1. Nguyén ly lam viéc

Bai todn 1ap lich trong modi truong
Flexible Flow Shop (FFS) c6 ban chét 1a to
chte dong cong viée qua nhidu cong doan, mdi
cong doan c6 nhiéu may song song khong dong
nhat. Nguyén Iy van hanh cta hé thong 1ap lich
dugc dé xuat trong nghién ctru nay 1a két hop
giira toi wru hoa chinh xac bang mé hinh MILP

va x4p xi bang thuit toan heuristics.
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M6 hinh MILP duoc thiét ké dé mo ta
day du cac yéu td cbt 18i cua hé thong, bao gom
phén cong cong viéc vao may, trinh tu thuc
hién, thoi gian bt dau — két thiic, va cac rang
budc lién quan dén setup phu thudc trinh ty.
Khi chay mo6 hinh trén dir 1iéu nhé, MILP cho
phép tim nghiém tbi vu, tir d6 cung cdp chuin
tham chiéu dé danh gia chét lugng céac thuat
toan xép xi.

Trong khi do, thuat toan heuristics hoat
dong theo nguyén tic wu tién dong. Mdi cong
viéc khi dén cong doan s& duoc gan cho may
ranh sém nhat, xét dén thoi gian setup néu ddi
loai san phém. Quy tac lya chon cong viéc dya
trén han giao hodc thoi gian xir Iy ngin nhat,
nhim vira giam makespan vira han ché don
hang tré han. Nho co ché nay, hé thong ¢ kha
nang sinh lich kha thi nhanh chong, phu hop de
trién kha1 hang ngay trong moi trudng san xut
thuc té.

{4) Lower- hnumi.f Upper bhound |

l |
(6) Exact method |l-[eunsuc| IMel.dheurl.\uc| [Mameuri:ﬂicl
l
MILP solver
Hinh 2. So dé thé hién giita hai phirong phdp
MILP va heuristics

2.2. Céc thong s6 co ban ciia hé théng 1ap lich
Dé lam rd dic diém cua hai cach tiép
can, nghién ctru phan tich cac thong so6 co ban
khi 4p dung MILP va heuristics.
Vé6i mé hinh MILP, hé thong duoc dic

trung boi tap hop bién nhi phan va bién lién tuc
bao gom: bién gan cong viéc — may, bién xac
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dinh trinh tu giira cic cong viéc, bién thoi gian
bat dau va két thuc, va bién tré han. Him muc
tiéu duy nhét 13 ti thiéu héa makespan. Cac
rang budc chinh bao gdm: mdi cong viée chi
duoc gan cho mot may tai moi tram, tuan thu
trinh ty qua céc tram, khong c6 hai cong viéc
trung lap trén cung may, va thoi gian setup phu
thudc trinh tu dugc cong vao gitra hai cong viéc
lién tiép. Vi cdu trac nay, MILP cho nghiém
t6i ru nhung thoi gian tinh toan ting nhanh khi
s6 jobs va sb may 16n.

Bdng 1. Cdc théng s6 co ban ciia bai todn MILP

Bién nhi phan, Xim = 1 néu job i gan cho

may m
X im Thoi gian bat dau cua job i trén cong
Bia Joama o
Fia Thoi gian két thuc cua job i trén cong
Y ijm d(.)i’ma. A Ao . A
Li Bién nhi phan, néu i dugc gan trudc j trén

cung mdt may m; otherwise Y ijm = 0
Bién nhi phan, Li =1 néu job i tré,
Li = 0 nguoc lai

Trong khi do, thuat todn heuristics dugc
mo ta bang cac thong sd didu khién don gian
hon. Input cua heuristics 1a tap jobs, danh sach
stations va nhém may song song & moi tram,
bang thoi gian xur Iy va ma tran setup phu thudc
loai san pham. Nguyén tic van hanh gdm: chon
cong viéc theo quy tdc uu tién (EDD, SPT hoac
ATC), gan cho may ranh sém nhat, cong thém
thoi gian setup néu co sy thay ddi loai san phém,
va cdp nhat lai lich cho vong lap tiép theo. Cac
thong sé dau vao khong thay doi, nhung co ché
xu 1y gidam dang ké do phtrc tap toan hoc, cho
phép heuristics giai quyét dir liéu 16n trong vai
giay thay vi khong kha thi nhu MILP.
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Hinh 3. So d6 khéi ciia Heuristics

3. MO PHONG
3.1. X4y dung mo6 hinh mo6 phong

M6 hinh MILP duogc thiét ké dua trén
b dit liéu nho (S) gdm 5 cong viéc, 3 tram va 8
may. Bo dir liéu nay cho phép MILP c6 thé giai
trong thoi gian hop 1y va tim duoc nghiém t6i
vu. Trong md hinh, cac bién quyét dinh gom:
gan cong viéc vao may, xac dinh trinh ty gitra
cac cong viée trén cling mot may, thoi diém bét
dau — két thiic, va bién tré han. Him muc tiéu 1a
t6i thiéu hoa makespan. Cac rang budc dam bao
mdi cong viéc di qua ding trinh tu cac tram,
khong c6 hai cong viéc thuc hién dong thoi trén
cung may, va thoi gian setup phu thudc trinh ty
duogc cong khi doi cong viéc.

Bdng 2. M6 hinh MILP duwoc lap trinh khi giai bang phan mém CPLEX

No Equation Constraint
1 Z=Y iLiI Calculates the total late orders
i=1
) Cmax = Fia Defines the make span which is the time to complete a
Vi,a € FinSet jOb
3 Em‘a feir(,r‘lel:l;ét Ensures that every job at one station is only assigned

Vi,a € NodeSet

once

Fia > Bia+ Y Xim X pim <s,m> eCellset

Guarantees that finishing time of job i must be greater

4 ; Lo o
Vi, a € NodeSet than sum of the beginning time and processing time
5 Fia<Bik, Vi a,ke€ArcSet Clarifies that for each job, the job must satisfy the
6 Y ijm+ Yjim < Xim, V i, j, m € SeSet workstation sequence constraint. Particularly, the
7 Yijm+Yjim<Xjm Vi j,me SeSet beginning of job k would be after the job is done before
q Y ijm + Yjim > Xim + Xjm -1 Descrllbe that only one of two job i and j is assigned on
Vi, j, m€ SeSet machine m and processed before the other
Ensures that the beginning of job j would be after that
9 Fia+sym-Bigh x (1-Yijm) < Bja of job i including the processing time and setup time
Vm,a€CellSetVi,j,meSeSeti+j J_ . g p g p
for job i.
10 dia- B\;gil\z : gnSLe? =Fia Identify the lateness of order. One order is late if
— —— finishing time of job i at station a is larger than its due
11 dia+ BigM X Li > Fia date

Vi, a € FinSet
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M4 hinh MILP dugc 1ap trinh va giai
bang phin mém CPLEX. Véi ciu tric ndy, md
hinh cho phép tim nghiém t6i wu ¢ bo dir liéu
nho, ddng thoi déng vai tro 1am chuan tham
chiéu dé danh gia chit luong cta cac phuong
phap xap xi. Tuy nhién, v&i bo dix heu 16n (L)
gom 41 cong viéc, 7 tram va 19 may, s6 bién va
rang budc bung nd khién MILP khong thé tim
dugc nghiém trong thoi gian hop ly.

Thuat toan heuristics dugc xay dung
dé khéc phuc han ché vé quy mé caa MILP.
Input cua heuristics 1a tdp cong viéc, danh sach
cac tram vOi may song song, thoi gian xu ly
va ma tran setup phu thudc loai san phém/méu.

Nguyén tic van hanh gdm: chon cong viéc
theo quy tic wu tién (EDD trong nghién ctru
nay), gan vao may ranh sém nhit, cong thém
thoi gian setup néu co thay doi loai san pham,
va cap nhat lai lich dé 1ap cho dén khi toan bd
cong viéc hoan tat.

Heuristics dugc lap trinh trén MATLAB
va ap dung cho ca hai bo dir liéu S va L. O bd
dir liéu nho, heuristics cho nghiém gan tdi wu,
1am co s¢ so sanh véi MILP. O bd dit liéu 16n,
heuristics chung minh kha nang m¢ rong véi
thoi gian tinh todn chi vai gidy, trong khi MILP
khong kha thi.

Bdng 3. M6 hinh thudt todn heusristics khi dwoc giai bang phwong phdp MATLAB

Lines Dataset Generation
1 Input data information
2 Assign jobs to a machine
3 If a job is not completed & machine is available
4 Enter time = max (job_release time, machine_release time)
5 Beginning time = Enter time
6 If job is not completed & machine has previous jobs processing
7 Last job ID = last position of job sequence in machine
8 Enter time = machine release time
9 Beginning time = Enter time + Setup time
10 Finishing time = Beginning time + Processing time
11 Departure time = Release time
12 Assign jobs to a station
13 Evaluate job and machine with setup time
14 If evaluated job_release time (end) < max (station release time)
15 max (station release time) = evaluated job_relase time (end)
16 Update machine candidate = evaluated machine
17 Update job_candidate = evaluated job
18 Assign a job to station and machine
19 If machine candidate release time < assigned job finish
20 time Finish job = job candidate
21 Finish machine = machine candidate
22 Assigned job_finish time = finish machine release time

H
(=]
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3.2. Phén tich két qua mé phong

Mo phong vai lugng cong viéc nhd bao
gom 3 cong doan, 8 may va 5 cong viéc. Hinh
4a, md phong MILP, két qua thyc hién khong
6 két qua tré lich va déu dung thoi gian EDD.
Hinh 4b, mé ta thuat toan heuristics lai tré hon
so voi MILP 1a 2 ngay so véi1 EDD (chi kéo dai
dén 16 ngay).

Machine [0 [ 1234567 [8]a[t0]11[12]13]14]15]186
Machine 1_[J3

Machine2 |01 J4 BER | [ |
Machine 3 [J2

Machine 4 [T T 1 J3
Machine 5 [ s H
Machine 6 U4 2 [ TT1
[Machine 7 2 4 i
[Machine 8 5 J3

Hinh 4a. Gantt chart cua MILP cho 5 cong viéc, 3
cong doan va 8 mday moc.

Hemt . : . . _
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Hinh 4b. Gantt chart cua Heuristics cho 5 cong
viée, 3 cong dogn va 8 may moc.

Twong ty nhu vay, khi ting khdi luong
cong viée, cong doan va may moc lan luot theo
thtr ty (10, 4, 12) trude khi dua 1én mic mo
phong véi thuc té cua san xuat, bao gdm 7 cong
doan, 19 may va 41 cong viéc. Hinh 4c, 4d thé
hién Gantt chart cuia MILP va Heuristics cho
thdy MILP van dua ra két qua t6i wu hon (35
ngay due date so voi két qua Heuristics 1a 56
ngay).
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Hinh 4c. Gantt chart cua MILP cho 10 cong viéc,

4 cong doan va 12 may moc.

oo [+ S - [ -
(] 10 20 30

Time

0 0

Hinh 4d. Gantt chart cia heuristics cho 10 cong
viéc, 4 cong doan va 12 may moc

3.3. Kha ning ing dung vao thue té

Hinh 5 13 két qua moé phong luong
cong viée & thyc té trong mot ngay ctia cong ty
AkzoNobel gém 7 cong doan, 19 may moc va
41 cong viée can thyc hién, MILP boc 16 han
ché nghiém trong. S6 bién va rang budc ctia méd
hinh ting 1én mirc khong thé xir 1y trong thoi
gian hop 1y, do d6 MILP khong thé tim dugc
nghiém kha thi. Nguoc lai, heuristics van van
hanh hi¢u qua. Két qua cho thiy heuristics xay
dung lich kha thi véi makespan bang 120 trong
thoi gian tinh todn chi 14,6 gidy. Khi xét thém
han giao chit chg, c6 hai cong viéc bi tré, song
didu ndy van chap nhan dugc trong bdi canh
thuc té cong nghiép, noi dir li¢u bién dong lién
tuc va yéu ciu tdc do ra quyét dinh cao.
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Hinh 5. Két qua sir dung thudt todn Heuristics
chitng minh dwoc tinh kha thi khi tmg dung thuc té.

Bdng 4. So sanh két qua giita MILP va heuristics

Thoi S6
Bo dir | Phuwong gian don
ligu phap Makespan | & p tré
toan han
. MILP n
Nho (S) (CPLEX) 16 2,3 giay 0
Nho (S) | Heuristics 18 2,6 gidy 0
. MILP 120
Nho (S) (CPLEX) 35 gitly 0
Nho (S) | Heuristics 56 60 gidy 0
. MILP
Lon (M) 1 cpLEx) - - -
Lén (L) | Heuristics 120 li’ 6 2
glay

Tir phén tich nay co thé thay rang MILP
dong vai trd quan trong trong viéc cung cap
chuan t6i wu dé danh gia, nhung khong thé
ap dung cho quy mo cong nghiép. Nguoc lai,
heuristics ching minh duoc tinh kha thi, toc do
va kha nang mo¢ rong, do d6 1a lya chon phu
hop hon cho bai toan 1ap lich san xuét linh hoat
trong nganh son.

4. KET LUAN

Nghién ctru da xay dung khung lap lich
san xuét linh hoat c6 xét dén setup phu thudc
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trinh tu, két hop m6 hinh MILP va thuat toan
heuristics. Két qua cho thay MILP phu hop véi
dir liéu nho, cung cap nghiém tbi wu lam chuan
tham chiéu, trong khi heuristics hiéu qua véi dit
liéu 16n, cho lich kha thi nhanh va gan ti wu.
Heuristics nho d6 1a giai phap phu hop dé Gng
dung trong thuc té cong nghiép, giup giam ty 1¢
tré han, nang cao hiéu qua sir dung may va rit
ngan thoi gian lap lich.

Lo1i cam on:

Nghién ctru ndy dugc hudng dan boi thay
Phan Nguyén Ky Phuc va sy gitip d& b phan Ké
hoach — San xuit ciia Cong ty AkzoNobel da hd
tro cung cap dir liéu va dong gop ¥ kién trong
qué trinh nghién ctru. Lo1 cam on cling xin duoc
gri dén cac dong nghiép da tham gia gop v va
giup hoan thién bai bao nay. <
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