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Tém tit

Bai toan Job Shop Scheduling (Job Shop Scheduling Problem - JSSP) 1a mét trong nhiing bai toan t6i uu
t6 hop thudc 16p NP-hard. JSSP c¢6 ¥ nghia quan trong ca vé mat 1y thuyét 1an Gmg dung, dic biét 1a trong
cac linh vyc quan ly san Xuét, lap ké hoach cong viéc, van tai va hé théng dich vu. Trong nhiéu thap ky
qua, JSSP di thu hit sy quan tim cua cong dong nghién ctru, v6i nhidu hudng tiép can duge dé xuét, bao
gdm céc thudt toan giai chinh x4c, heuristic va metaheuristic. Trong bai bio nay, chiing t6i phat trién mot
thuat toan moi dya trén thuét toan Bees co ban dé giai JSSP; chung toi dat tén thudt toan nay 1 BeelSS.
Chung t6i da tién hanh danh gia hiéu qua cta thuat toan BeeJSS trén hé théng dir liéu thyc nghiém chuén
Lawrence. Két qua thyc nghiém cho thfiy thudt toan BeeJSS c6 hi€u nang so sanh dugc voi mot s6 thuat
toan metaheuristic hién biét.

Tir khoa: bees algorithm, heuristic algorithm, job shop scheduling, lawrence benchmark dataset,
metaheuristic algorithm

Abstract

The Job Shop Scheduling Problem (JSSP) is a combinatorial optimization problem classified as NP-hard.
It has important implications in both theory and applications, particularly in production management, job
planning, transportation, and service systems. Over the past decades, JSSP has attracted considerable
research attention, with many approaches proposed, including exact algorithms, heuristics, and
metaheuristics. In this paper, we propose a new algorithm, called BeeJSS, which is based on the basic
Bees Algorithm, to solve the JSSP. We evaluate the effectiveness of BeeJSS on the standard Lawrence
benchmark dataset. Experimental results indicate that BeeJSS performs comparably to several
metaheuristic algorithms currently known.

Keywords: bees algorithm, heuristic algorithm, job shop scheduling, lawrence benchmark dataset,
metaheuristic algorithm

1. Giéi thi¢u
1.1. Dinh nghia bai toan Job Shop Scheduling

Bai toan Job Shop Scheduling (Job Shop Scheduling Problem - JSSP) dugc phat biéu
nhu sau:

Cho tap n cong viéc {J1, Ja,..., Ju} Va m may {Mi, Mo,..., M,}. Mdi cong viéc J; bao
gdm mot diy cac cong doan (operations) can duoc xir 1y trén cac may. Mdi cong doan O;x
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ctia cong viée J; phai dugce xir Iy 1ién tuc trén mot may cu thé m; x trong mot khoang thoi gian
pik Thir ty thuc hién cac cong doan trong cung mdt cong viéc la c¢d dinh.

Céc rang budc cua bai toan JSSP dugc cho nhu sau:

M&i may tai mot thoi diém chi c6 thé xir 1y t6i da mot cong doan. Cac cong doan cua
cung mdt cong viéc phai dugc thuc hi¢n tuan tu theo ding tha ty da dinh.

Muc ti€u cua bai toan 1a xay dung mdt lich biéu (schedule) — tirc 1a xac dinh thoi diém
bat dau va két thic cua mdi cong doan trén cac may, cting nhu thtr ty thyc hién cac cong
doan trén timg may sao cho thoi diém hoan thanh tit ca cong viéc 1a nho nhat; gia tri nay goi
la makespan.

Nhu vay néu goi C; 1a thoi diém hoan thanh cong viéc J;, thi muc tiéu ctia bai toan 1a toi
thiéu hoa gia tri 16n nhat caa tap {C1, Ca,..., Cu} [22].

1.2. Vi du minh hoa

Xét vi du n=6 cong viéc va m=3 may. Mdi cong viéc duoc mo ta boi diy cong doan
(M,p), trong d6 M 1a may duoc stir dung va p la thoi gian xtr 1y.

Cong viéc Thir ty cong doan (may, thoi gian)
Ji: (M, 3) > (M, 2) — (M3, 2)

Jo (M2, 2) > (Ms, 1) — (M1, 4)

Jo (Ms, 4) — (M, 3) — (M>, 2)

Ja: (M, 2) > (M3, 3) — (Mo, 3)

Js: (Ma, 3) — (M), 2) — (M3, 4)

Js: (M3, 2) — (Mo, 4) — (M), 3)

Mot lich biéu téi wu tim dugc co gia tri tdi wu makespan bang 17.
Mi:Js— N —Js—>Js—Js— )
My:Js—Js—>h—J—J3—Js
Ms:Js—J3 —>Js— o —Js— J

Mic du gia tri makespan 1a duy nhat, tuy nhién c6 thé ton tai nhiéu lich biéu khac nira
cung co gia tri makespan nay.

1.3. Cdc bién thé ciia bai todn JSSP

Trong thuc té, bai toan JSSP duoc hiéu chinh, mé rong thanh nhiéu bién thé dé phéan anh
phi hop vdi tinh hudng san xuét:

- Flow shop scheduling problem (FSSP): Tét ca cong viéc di qua cing mot diy may
theo thir ty gibng nhau, khac nhau ¢ thoi gian xir 1y
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- Flexible job shop scheduling problem (FJSSP): M&i cong doan c6 thé duoc gan cho
mot trong nhiéu may tuong duong.

- Open shop scheduling problem (OSSP): Thtt ty cong doan cia mdi cong viéc co thé
thay d6i, mién 14 tudn thi rang budc may.

- Parallel machine scheduling problem (PMSP): Nhiéu may song song (dong nhat
hodc khac téc d6), cong viée co thé phan bd cho bat ky may nao.

- Single machine scheduling problem (SMSP): Tét ca cong viéc xur 1y tuan ty trén mot
may duy nhat.

- General job shop scheduling problem (GJSSP): Phién ban tong quét, cho phép sb
cong doan khac nhau giira cac cong viéc.

1.4. Ung dung ciia bai todn JSSP

Bai toan JSSP ¢6 ing dung quan trong trong nhiéu linh vuc thuc tién, dic biét trong san
xudt va dich vu c¢6 quy trinh phirc tap, doi hoi sy phan bd hop 1y cac cong viée trén nhiéu
mAy va tai nguyén khac nhau. Mot sb ing dung tiéu biéu bao gdm:

- San xudt cong nghiép: JSSP dugc tmg dung rong rai trong cac nganh co khi, dién ti,
dét may, ché tao 6 t0,... noi mdi san phém phai trai qua nhiéu cong doan gia cong trén cac
may chuyén biét. Viéc xay dung lich biéu tdi wu gitp giam makespan, han ché tinh trang
méy nhan r6i, tir 46 nang cao nang suat va giam chi phi van hanh.

- Qudn Iy xuong va ddy chuyén gia céng: JSSP hd trg viéce sip xép hop 1y th tu cong
viéc trong xudng, cin bang tai giita cac may, giam tac nghén tai cdc cong doan. Day 1 nén
tang cho cac hé théng quan 1y san xuat tién tién.

- Dich vu: JSSP duoc ap dung trong céc linh vuc dich vu ¢6 gidi han tai nguyén, chiang
han nhu l4p lich cho phong thi nghiém (nhiéu mau thir phai qua nhiéu thiét bi do/kiém dinh),
1ap lich bao tri bao dudng may, hodc trong bénh vién khi ma bénh nhan can trai qua nhiéu
loai xét nghi¢m, chan doan hinh anh, va thiét bi y té khac nhau,. ..

- Logistics va chudi cung itng: JSSP gbp phan tdi uvu hoéa ludng cong viéc trong xir 1y
don hang phirc tap, ddc biét khi nhiéu hoat dong phai chia sé tai nguyén chung va tuan tha
mét trinh tu thuc hién bat budc.

1.5. Khdo st mét so nghién civu lién quan bai todn JSSP

Céc thuat toan giai bai todn 1ap lich JSSP thuong dugc chia thanh ba nhom: cac thuéat
todn giai chinh xdac, cac thuat toan heuristic, va cac thuat toan metaheuristic.

Céc thuét toan gidi chinh x4c ¢ vai trd quan trong trong viéc nghién ciru 1y thuyét hoac
dung dé kiém dinh chét lugng cac thuat toan giai gan dung.

Céc thuat todn heuristic va metaheuristic dang 1a cac hudng nghién ctu chu dao hién
nay nho tinh hiéu qua va kha ning mé rong ddi v6i cac bai toan JSSP ¢6 kich thude 1on.
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1.5.1. Cac thudt toan giai chinh xac

Tap trung vao viéc tim nghiém t6i uu bang cac k¥ thuat nhu nhanh can, quy hoach dong.
Carlier va Pinson di 4p dung thuit toan nhanh can giai JSSP [4]. Brucker d3 c6 nhiéu cong
trinh m¢ rong véi thudt todn quy hoach dong [2],[3],[17]; trong khi Yamamoto da két hop
thuat todn nhanh cn va thuat toan quy hoach dong dé giam khong gian tim kiém [25]. Tuy
nhién, do d¢ phuc tap tdng theo ham md, cac thuat todn gidi chinh xac chi phu hgp voi cac
bai toan co kich thudc nhé va trung binh [9].

1.5.2. Cdc thudt toan heuristic

Céc thuat toan heuristic hudng téi viéc tim 101 giai gan dung kha thi trong thoi gian co
thé chp nhan duoc, tiéu biéu 14 cac luat wu tién (Shortest Processing Time - SPT, Longest
Processing Time - LPT, Most Work Remaining - MWKR, First In First Out - FIFO) [3],[4].
Mot huéng quan trong khac 1a thuat toan nit c6 chai (Shifting Bottleneck - SB) do Adams et
al. dé xuét [1], sau d6 duoc cai tién thanh Shifting Bottleneck Modification (SBM) [7] va lai
ghép véi cac thuat toan khac nhu thuat toan Simulated Annealing hay thuat toan di truyén.
Mic du khong dam bao tim duoc gia tri toi wu, nhung cac thuat toan nay hiéu qua trén cac
bai toan co kich thudc 16n.

1.5.3. Cac thudt toan metaheuristic

Pay 1a hudng nghién ctru chu dao hién nay nho kha niang tim kiém 101 giai c6 chét luong
t6t hon trong thoi gian chdp nhan duoc.

Céc thuat toan tiéu biéu gdm thuat toan Simulated Annealing (Laarhoven et al. [10]),
thuat toan Tabu Search (Laguna et al. [11], Nowicki va Smutnicki [15]), thuét toan di truyén
(Nakano & Yamada [14], Nguyén Hitu Mui [16],...), cac thuat toan bay ong (Pham et al.
[18], Artificial Bee Colony (Yin et al. [26], Meenambigai R. [12]). Nhiéu nghién ctru lai ctia
cac thuat toan ndy nham ning cao hiéu qua, nhu thut toan Tabu Search lai v6i thuat toan
Simulated Annealing [24],[28], thuat toan Tabu Search lai v&i thuat toan di truyén [13],
Youssefi et al. [27].

2. Phét trién thuat toan bees giai bai toan JSSP
2.1. Thudt todn Bees co ban

Céc thuat toan mo phong hanh vi tim kiém thirc an ctia loai ong mat da dugc dé xuét va
phat trién trong nhiéu cong trinh tiéu biéu, chang han Karaboga & Basturk (2007) [6], Pham
et al. (2005) [19], Xin-She Yang (2010) [23], Nguyen Duc Nghia et al. [20],[21]....

Thuét toan Bees co ban két hop ba chién lugc tim kiém thudng gip trong cac thuét todn
metaheuristic: tim kiém l4n can (neighborhood search), tim kiém ngiu nhién (random
search), tim kiém sau hon ¢ nhimng ving tiém ning (intensification).

Pé viéc tim kiém co hiéu qua, thuat toan can dat dugc su can béng gitra khai thac cuc
bd (exploitation) va kham pha toan cuc (exploration). Thudt toan Bees c6 kha nang thoat
khoi bay cuc tri cuc bo va nhd dé duge ky vong tim ra nghiém t8i wu toan cuc. Do tinh linh
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hoat va kha nang m¢ rdng, thuat toan Bees dugc danh gia la mdt trong nhitng metaheuristic
phu hop dé giai quyét cac bai toan tbi wu té hop kho [5],[19],[20].

So dé thudt todan Bees co ban.

Bude I: Khoi tao quan thé ban dau véi N ca thé ong (dugc tao ngau nhién hodc bang
mot hodc mot s6 heuristic)

Buée 2: Panh gia d6 thich nghi (fitness) cia mdi ca thé.
Bude 3: while (diéu kién dimg chua thoa{

- Trong N ca thé ong, chon ngéu nhién ra p ca thé dé thuc hién tim kiém 1an cén
(p < N). Trong sb p c4 thé duoc chon nay chon ra / ca thé c6 d6 thich nghi cao nhat.

- Ctr thém nep ong dé thuc hién viéc tim kiém 14an can cho 4 cé thé tot nhat trén va nsp
ong dé thuc hién viéc tim kiém 1an can cho p—hca thé duoc chon con lai. Panh gia lai do
thich nghi cho cac cé thé vira duoc bo sung.

- Sau khi thuc hién tim kiém l4n cén, mdi c4 thé (géc) c6 thé sinh thém mét hodc mét
s6 1an can. Trong s6 c4 thé gbc va cac ca thé 1an can ciia nd (co thé goi 1a mot ving cac ca
thé) chon ra mot céa thé ¢6 do thich nghi cao nhét dai dién cho vung ca thé d6 & 1an tién hoa
tiép theo.

- MBOi cé thé trong s6 N — p ca thé khong duoc chon s& duoc thay thé bang mot ca thé
ngau nhién.

- Danh gia d6 thich nghi cho cac ca thé dugc bd sung.}
Budc 4: return cé thé tt nhat trong quan thé ¢ thé hé cudi cing.

Danh sach cac tham sb chinh cta thut toan bao gdm: N 13 s6 luong ca thé ong duogc
khoi tao, p 1a ) luong cé thé duoc chon trong s6 N ca thé, h1asd lugng cé thé co chat luong
tdt nhat trong ) p ca thé duoc chon, p—hla sb lugng ca thé duoc chon con lai, N— pla )
luong ca thé khong dugc chon, nep 1a s6 lugng ong cir dén / ca thé t6t nhat, nsp 14 s6 luong
ong ctr dén p—h cé thé dugc chon con lai.

2.2. Thugt toan Bees gidi bai toan JSSP

2.2.1. Ma hoa loi giai bai todn JSSP

Mot 1oi giai cta bai toan JSSP dugc biéu dién bang mot mang mét chiéu co do dai nxm
phan tir, trong d6 n 1a s6 cdng viéc, m 1a sé cong doan cua mdi cdng viéc, va S[k] biéu thi
chi s6 cdng viéc tai vi tri thir k trong mang. M&i céng viéc xuat hién diing m lan trong mang,
tuong Gng Voi sé cong doan can dugc thuc hién theo dung trinh ty cdng nghé. Thir tu xuat
hién ctia cAc phan tir trong mang déng vai tro quyét dinh d6 wu tién xur ly: khi mot may tro
nén kha dung, cong doan cd vi tri xut hién sém hon trong mang s& duoc lua chon dé thyuc
hién trudc.
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Ap dung theo so d6 thuat toan Bees co ban; trong d6 mdi ca thé ong twong tng véi mot
loi giai, tic 12 mot lich trinh san xuat hoan chinh. D6 thich nghi cua mét 10i giai duoc danh
gia thdng qua tong thoi gian hoan thanh cac cong viéc, goi l1a makespan.

2.2.2. Tinh makespan

Do thich nghi cua 1oi giai duoc xac dinh bang gia tri cia ham muc tiéu, cu thé la
makespan. Qua trinh tinh toan dugc thyc hién theo cac budc sau.

Trudce hét, toan bo cac cong doan dugc duyét theo thi te ma hoa trong mang 10i giai.

V6i mdi cong doan, ta xac dinh thoi diém som nhat cd thé bét dau dya trén hai yéu té:
thoi diém cong doan trude do cuia cung cong viéc da hoan thanh, va thoi diém may yéu cau
14 kha dung.

Thoi diém két thuc cong doan dugc tinh bang cach cong thoi gian bét dau véi thoi gian
xt 1y, dong thoi cap nhat trang thai may cling nhu cong viéc tuong Gng.

Sau khi tit ca cong doan da duoc xir Iy, makespan duoc xac dinh 1a thoi diém hoan
thanh muodn nhét trong sd tat ca cac thoi diém hoan thanh cac cong viéc. Muc tiéu téi vu dat
ra 1a tim mot lich biéu c6 gia tri makespan nho nhat, dong thoi dam bao tuan tha cac rang
budc V& trinh tu cdng nghé va gidi han rang tai mdi thoi diém, mot may chi co thé xt ly duy
nhat mot cong doan.

2.2.3. Tao loi gidi ban dau

Trong qua trinh khoi tao ca thé 1oi giai hodc quan thé 10i giai ban dau, mot sb lwong Ion
loi giai hop 1¢ ban dau duoc sinh ra bang cac phuong phap khac nhau nham dam bao tinh da
dang cua quan thé.

Cach don gian nhat 1a khoi tao ngau nhién, vén dé thuc hién va c6 wu diém Ia tao ra
dugc nhiéu 11 giai khac biét, giup mo rong kha nang kham pha khong gian tim kiém.

Bén canh do, cac chién luoc heuristic cling dugc st dung. Chang han, chién luoc SPT
(Shortest Processing Time) sap xép cac cong viéc theo thir tu ting dan cua tong thoi gian xir
ly, nho @6 cac cong viéc ¢6 thoi gian xir Iy ngan hon s& duoc vu tién trudc, tao ra nhitng lich
trinh c6 makespan ban dau nho. Pé ting thém tinh da dang, chién luoc SPT dao nguoc
(Reversed SPT) dugc ap dung bang céch Iy thir tu cac cong viéc trong 16 giai SPT va dao
ngugC hoan toan.

Viéc két hop gitra ngdu nhién va heuristic nhu vay cho phép tao ra nhiéu loi giai khoi
dau vira chét lugng vira da dang.

2.2.4. CAc chién Lot tim kiém 1an cdn
Phép hodn doi

Mot trong nhiing chién lugc don gian trong quéa trinh tim kiém I1an can 1a phép hoan doi
vi tri gitra hai cong viéc trong chudi 1oi giai. Chién lwoc nay thuc hién chon ngau nhién hai
vi tri khac nhau trong 16i giai va hoan di truc tiép hai cong viéc tai d6. Phép hoan ddi nay
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gitt nguyén s 1an xut hién caa mdi cong viéc, do d6 khong 1am mat tinh hop 18 caa loi giai.
Chién lugc nay 1a hiéu qua khi can da dang hda khéng gian tim kiém.

Phép chen

Chién Iuoc chén s& chon ngau nhién mot cdng viéc trong chudi 16i giai, loai bo né khoi
vi tri ban dau va chén lai vao mét vi tri khac trong chudi. Chién lugc nay gilp c6 su thay doi
nhé vé mat cau trac 1oi giai ma van gitt nguyén sé luong cong viéc va dam bao tinh hop 1é
nho qué trinh giai ma tha tu cong doan.

Phép doi khai

Phép doi khdi duoc trién khai dé thuc hién thao tac chon hai phan tu lién tiép trong
chudi 10i giai (goi 1a mot khi), sau d6 doi ca khdi nay dén mét vi tri khac trong chudi. Phép
bién dbi nay gitp thay ddi cuc b Ién hon so v&i phép hoan ddi hodc phép chén, gitp thuat
toan thoét khoi cac ving téi wu cuc bo hiéu qua hon.

Tim kiém loi gidi lan cdn

Véi thuat todn BeelSS, mdi cé thé trong quan thé dai dién cho mét ving tim kiém. Sau
khi danh gia do thich nghi, thuat toan lya chon p ca thé tét nhat va trong dé e ca thé co do
thich nghi cao nhat dugc xac dinh lam vung wu ta. Bbi v6i mdi ving wu ta, thuat toan phan
b nep ong khai thac dé thuc hién tim kiém cuc bo. Mdi ong &p dung ngau nhién mot trong
ba phép bién d6i 1an can (phép hoan ddi, phép chén, hoic phép doi khdi) dé tao ra loi giai
méi. Trong s cac 1o giai sinh ra, loi giai c6 makespan nho nhit s& dugc chon lam dai dién
ctia viing d6 cho thé hé tiép theo. Di VGi p—e ving con lai, thuat toan van thuc hién khai
thac cuc bo nhe hon bang cach phan bo nsp ong cho mdi viing. Céac ong nay tao i giai lan
can don gian bang mot phép doi khdi, sau d6 chon ra 16i giai c6 do thich nghi tét nhat trong
tap dé dua vao quan thé ké tiép.

Tim kiém loi gigi ngdu nhién

Trong giai doan khai pha ngau nhién, N-p ong duoc phan bd vao cac ving tim kiém
mGi, véi muc tidu ting cuong tinh da dang va kha ning kham pha ctia thuat toan. Déi voi
mdi ong trong viing nay, thuat toan khai tao mot s6 10 giai ngau nhién doc 1ap. Trong s6 cac
161 giai duoc sinh ra, chi duy nhét ca thé c6 do thich nghi tét nhat duoc lra chon lam dai dién
cho ving va dugc dua vao quan thé thé hé ké tiép.

2.2.5. Piéu kién dirng

Thuat todn BeeJSS &p dung diéu kién dirng sau: trong mot s6 1an 1p lién tiép ma chét luong
loi giai tot nhat khong dwoc cai thién. Biéu kién ding nay vira dam bao hiéu qua tinh toan, vira
tranh viéc thuat toan tiép tuc chay khi khéng con kha nang cai thién chét luong loi giai.

3. Thuc nghiém va danh gia

3.1. D ligu thuc nghigm cho bai toan JSSP

Trong cé&c nghién cau vé bai toan JSSP, nhiéu hé thong dit liéu thuc nghiém di duoc dé
xuat nhu Fisher and Thompson, Lawrence, ORB, ABZ, YN, SWV, TA [29]. Cac bo dit liéu
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cho bai toan JSSP dugc xay dung dua trén nhitng dac trung nhu $6 lugng cdng viéc, s luong
may, trinh ty xir ly va thoi gian xu ly.

Trong bai bao nay, ching t6i chon hé thdng di liéu Lawrence dé tién hanh thuc nghiém
thuat toan BeeJSS.

Hé théng dit liéu Lawrence bao gom 40 bo dir liéu tir LAO1 dén LA40, véi quy md tir
10 dén 30 cdng viéc. Hé thdng dit liéu Lawrence duoc gigi thidu lan dau tién vao nim 1984
boi S. Lawrence trong mot bao c&o noi bo tai Bai hoc Carnegie Mellon [29],[30].

Chuing t6i so sanh chét lwong 10i giai cua thuat toan BeelSS véi thuat toan nhéanh can,
thuat toan ACA (nam 2015), thuat toan DDDQNPR (ndm 2020); chit lwong cua céc thuat
toan nay ching tdi lay tir kho luu trir GitHub cua tac gia Thomas Weise [30]. Trong do, thuat
toan DDDQNPR 12 dai dién cho huéng tiép can hoc siu ting cudng, sir dung mé hinh Double
Dueling Deep Q-Network két hop véi mang no-ron tich chap (CNN), thuat toan ACA la sy
két hop gitra thuat toan kién (ACO) va tim kiém cuc bo. Chiing toi ciing so sanh thuat toan
BeeJSS véi thuat toan NHGA (ndm 2013) [16]; ddy 1a hudng tiép can theo thuat toan di
truyén giai bai toan JSSP.

3.2. Moi trwong thuc nghiém

Chung t6i da cai dat thuat toan BeeJSS bang ngdn ngit C++, sir dung trinh bién dich
Microsoft Visual Studio 2025, va chay trén may tinh véi cau hinh: Hé diéu hanh Microsoft
Windows 11 Pro (64 bit), RAM 16GB, b xtr ly 13th Gen Intel(R) Core(TM) i5-1340P 1.90
GHz [8].

Déi véi mdi bo dir liéu, chang t6i chay thuc nghiém 10 Ian, gi4 tri makespan tot nhat
trong cé4c lan chay duoc ghi nhan lam chat luong 1oi giai. Thoi gian chay duoc ghi nhan bang
trung binh cong thoi gian caa 10 l1an chay. Céc gia tri tham sb thuc nghiém tiép theo ma
chung tdi sir dung trong thuat toan nay bao gém: Sé vong lap thuat toan: 3500, sb lan lap
lién tiép ma gia tri tot nhat khong dugc cai thien: 1250, n=120, p= 80, h=20, nep=5, nsp=3.

3.3. Két qud thuc nghiém

Két qua thuc nghiém thuat toan BeeJSS dugc trinh bay trong Bang 1 ¢6 cdu triic nhu
sau: Cot Test la tén cua cac bg dir liéu [29],[30]; cac cot n, m lan luot tuong g voi $6 cong
viéc va sd may trong mdi bo dir liéu. Cac cot tiép theo ctia Bang 1 1an luot 1a: LB (Lower
bound of the optimal value - can dudi cta gia tri toi wu); dy 1a két qua cia thuét toan nhanh
can (Branch and Bound), cot BeeJSS ghi nhan chat luong 161 giai cua thuat toan BeelSS,
cot Time of BeelJSS (s) ghi nhéan thoi gian chay cua thuat toan BeeJSS (don vi 1a gidy), cot
NHGA ghi nhan chét luong 151 giai tiép can theo thuat toan di truyén duoc cong bd nim
2013 [16], cac cot ACA va DDDQNPR ghi nhén chit luong cua giai cta cac metaheuristic
duogc cong bd boi tac gia Thomas Weise [30].
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Bang 1: Két qua thwc nghiém ciia thuit toan BeeJSS trén cac bd dir liéu Lawrence

Test | n | m| LB | BeelSS BZ;'}‘SGSOJS) NHGA | ACA | DDDQONPR
LAOL | 10| 5 | 666 | 666 135 666 | 666 666
LA02 | 10 | 5 | 655 | 655 136 655 | 655 655
LA0O3 | 10 | 5 | 597 | 597 136 597 | 597 597
LAO4 | 10 | 5 | 590 | 590 136 500 | 590 609
LAO5 | 10 | 5 | 593 | 593 133 503 | 593 503
LAO6 | 15| 5 | 926 | 926 166 926 | 926 926
LA07 | 15| 5 | 890 | 890 168 890 | 890 890
LAO8 | 15| 5 | 863 | 863 179 863 | 863 863
LA09 | 15| 5 | 951 | 951 177 951 | 951 951
LA10 | 15| 5 | 958 | 958 170 958 | 958 958
LA1L [ 20| 5 | 1222 | 1222 224 1222 | 1222 1222
LA12 |20 | 5 | 1039 | 1039 209 1039 | 1039 1047
LA13 [ 20 | 5 | 1150 | 1150 209 1150 | 1150 1151
LAL4 | 20 | 5 | 1202 | 1292 207 1292 | 1292 1292
LA15 [ 20 | 5 | 1207 | 1207 212 1207 | 1207 1221
LAL6 | 10 | 10 | 945 | 945 573 945 | 946 980
LA17 | 10 | 10 | 784 | 784 528 794 | 789 799
LA18 | 10 | 10 | 848 | 848 530 848 | 848 859
LA19 | 10 | 10 | 842 | 842 896 842 | 842 872
LA20 | 10 | 10 | 902 | 902 930 907 | 902 924
LA21 | 15 | 10 | 1046 | 1055 1528 1055 | 1050 1162
LA22 | 15| 10 | 927 | 927 1435 927 | 938 1021
LA23 | 15 | 10 | 1032 | 1032 1602 1032 | 1032 1053
LA24 | 15| 10 | 935 | 941 1633 940 | 959 1029
LA25 | 15 | 10 | 977 | 981 1488 978 | 977 1067
LA26 | 20 | 10 | 1218 | 1218 1118 1218 | 1218 1327
LA27 | 20 | 10 | 1235 | 1256 2087 1270 | 1242 1397
LA28 | 20 | 10 | 1216 | 1222 1520 1216 | 1227 1386
LA29 | 20 | 10 | 1152 | 1204 1235 1190 | 1177 1323
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Test | n | m| LB | BeelSS BZ;S“SGS‘){S) NHGA | ACA | DDDQNPR
LA30 | 20 | 10 | 1355 | 1355 1566 1355 | 1355 1417
LA31 | 30 | 10 | 1784 | 1784 1326 1784 | 1784 1854
LA32 | 30 | 10 | 1850 | 1850 1320 1850 | 1850 1900
LA33 [ 30 | 10 | 1719 | 1719 1302 1719 | 1719 1782
LA34 | 30 | 10 | 1721 | 1721 1306 1721 | 1725 1880
LA35 | 30 | 10 | 1888 | 1888 1323 1888 | 1888 1941
LA36 | 15 | 15 | 1268 | 1291 1634 1275 | 1275 1355
LA37 | 15 | 15 | 1397 | 1429 2458 1415 | 1412 1540
LA38 | 15 | 15 | 1196 | 1230 1078 1210 | 1196 1348
LA39 | 15 | 15 | 1233 | 1251 1119 1240 | 1240 1357
LA40 | 15 | 15 | 1222 | 1247 1747 1235 | 1222 1336

3.4. Ddnh gid két qud thuc nghiém
3.4.1. So sanh thudt toan BeeJSS vadi cac thugt toan NHGA, ACA, DDDQNPR

Tir Bang 1 trén, ta thdy rang thuat toan BeeJSS tt hon thuat toan NHGA trén 3 bo dix
liéu, chiém 7.5%; thuat toan BeeJSS cho két qua twong duwong thuat toAn NHGA trén 28 bo
dir liéu, chiém 70.0%; thuat toan BeelSS cho két qua kém hon thuat todn NHGA trén 9 bo
dit liéu, chiém 22.5%.

Thuat toan BeeJSS tét hon thuat toan ACA trén 6 b dit liéu, chiém 15.0%; thuét toan
BeeJSS cho két qua twong duong thuat toan ACA trén 25 bo dir liéu, chiém 62.5%; thuat
toan BeelJSS cho két qua kém hon thuat todn ACA trén 9 b dit liéu, chiém 22.5%.

Thuat toan BeeJSS tt hon thuat toan DDDQNPR trén 29 bo dit liéu, chiém 72.5%; thuat
toan BeeJSS cho két qua twong dwong thuat todn DDDQNPR trén 11 b dit liéu, chiém 27.5%.

Chung t6i cling tom lugc ndi dung mo ta nay trong Bang 2 sau day.

Bang 2: So sanh chét lweng loi giai cia thuat toan BeeJSS véi cac thuat toan NHGA,
ACA, DDDQNPR (don vi la bp dir ligu)

NHGA ACA DDDQNPR
BeeJSS . . :
S0 luong % S0 luong % S0 luong %
Tét hon 3 7.5 6 15.0 29 725
Tuong duong 28 70.0 25 62.5 11 27.5
Kém hon 9 22.5 9 22.5 0 0.0
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3.4.2. So sanh thudt toan giai chinh xac vai cac thugt toan NHGA, ACA, DDDQNPR

Khi so sanh chit luong céc thuat toan BeelSS, NHGA, ACA, DDDQNPR voi thuat
toan nhanh can (cot LB ¢ Bang 1) thi thuat toan BeeJSS kém hon LB khong qua 5%, thuat
toan NHGA kém hon LB khong qua 3%, thudt toan ACA kém hon LB khong qua 3% va
thuat toan DDDQNPR kém hon LB khong qua 15%.

3.4.3. Vé thoi gian thuc nghiém thugt toan BeeSS

Téng thai gian thuc nghiém mat 1an chay cho ca 40 bo test 1a 35879 gidy. Do mdi bo
test chung toi thuc nghiém 10 1an, nén téng thoi gian thuc nghiém cua thuat todn BeeJSS
twong duong vai khoang 100 gio chay may tinh.

4. Két luan

Trong bai bao niy ching t6i da d& xuat mot thuat toan metaheuristic cu thé dé giai quyét
bai toén lap lich Job Shop, chiing t6i dat tén 1a BeeJSS. Pong gop mai cua ching téi trong
bai bao nay la xay dung thuat toan BeelSS trén nén thuat toan Bees co ban dé giai quyét bai
toan JSSP. Chiing t6i da thuc nghiém thuat toan BeeJSS trén 40 bo dir liéu Lawrence, két
qua thuc nghiém cho thay rang thuat toan BeeJSS cho chat lugng 161 giai canh tranh duoc
véi mot sé thuat toan metaheuristic hién biét. Bén canh do, chung toi da khao sat vé mot sé
hudng tiép can giai bai toan JSSP ciing nhu gigi thiéu mot sé hé thong dir liéu thuc nghiém
chuan cho bai toan JSSP.

Céc két qua dat duoc trong bai bédo nay gop phan ma rong tng dung cua thuat toan
metaheuristic ndi chung va thuat toan Bees ndi riéng trong viéc giai cac bai toan téi uu
t hop.

Chung t6i hy vong rang bai bao nay cung cap thdng tin hitu ich cho nhitng nghién ciu
tiép theo vé bai toan JSSP.

Loi cam on: Bai viét thuoe dé tai nghién cau khoa hoc “Khao sat mot sé thuat toan
metaheuristic giai bai toan lap lich Job Shop” ¢6 mi s CS.2025.B3.034 ctia Trudng Dai hoc
Sai Gon. Nhom tac gia tran trong cam on Trudng Pai hoc Sai Gon d4 tai tro cho Pé tai.
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