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GIAI THUAT TIEN HOA CHO BAI TOAN LAP LICH
VOI TAI NGUYEN GIOI HAN MOI

Nguyén Thé Loct, Pang Qudc Hiru? va Vil Thai Giang!
YKhoa Cong nghé théng tin, Truong Dai hoc Sw pham Ha Ni
2Khoa Hé théng thong tin Kinh téva Tl hwong mai dién tir, Truong Pai hoc Thuong mai

Tém tit. Bai bao nay dé xuit va phat biéu dudi hinh thirc toan hoc mot bai toan
moéi duoc dit tén 1a TDOS-RCPSP. La bai toan thugc ho RCPSP di biét, TDOS-
RCPSP c6 nhiéu mg dung thiét thuc trong cac linh vuc khac nhau, dic biét la
trong viéc t6 chirc cac diy chuyén san xuit cong nghiép. Bai bao nay s& dé xut
mot thuat toan tién hoa dya trén chién luge Cuckoo Search dé tim 16 giai gﬁn ding
cho bai toan TDOS-RCPSP. Bai bao s& gidi thiéu nhimng két qua thuc nghiém duoc
tién hanh nhim kiém ching hiéu qua cta thuat toan dé xuat dwa trén hai bo dir liéu
thuc nghiém. Bo dir li€u thir nhét, iMOPSE, di duoc cong bd trong cac cong trinh
nghién citu cung linh vire truée day. Bo dir liéu con lai duoc tac gia thu thap tir cac
day chuyén dét may cong nghiép cua tap doan TNG. Nhimg két qua thu dugc da
khang dinh sy vuot troi clia thuat toan tién hoa dé xuét so véi nhitng thuat toan
trong cung linh vuc da dugc cong bd trude do.

Tir khéa: 13p lich vai tai nguyén gii han, thuét toan tién héa, thuat toan Cuckoo Seach.

1. Mé dau

RCPSP [1] la 16p cac bai toan 1ap lich c6 ing dung trong nhiéu linh vuc thue té ma
dién hinh 1a viéc t6 chirc cac ddy chuyén san xuat cong nghiép [2-5]. Mot sd bai toan
trong 16p RCPSP da dugc chung minh 1a NP-Kho, vi du nhu bai tooan MS-RCPSP
(Multi Skill - Resource-Constrained Project Scheduling Problem: Bai toan 1ap lich da ki
nang vai tai nguyén gidi han) [6-9].

Di c6 nhiéu nhom nghién ctru cong bd giai phap cho bai toan MS-RCPSP huéng
toi viée tim lich biéu co thoi gian thyc hién (tur day goi la makespan) tdi thiéu trong mot
s6 diéu kién rang budc vé tai nguyén va gia thiét ching c6 nhimg muc ki nang khac
nhau. Tuy nhién sy phat trién cua .cong ngh¢ trong nhimg ndm gan day da khién cho gia
thiét ciia bai toan MS-RCPSP - rang thoi gian mot tai nguyén xir I mot tac vu chi phu
thudc vao ban than tac vu do - tré nén khong phu hop. Trong thuc té, tai nguyén c6 mirc
ki ning cao hon thudng thyc hién cong viéc trong thoi gian ngan hon tai nguyén voi
mure ki ning thdp. Vi dy, dé hoan thanh cing mét tic vy, nguoi tho bac cao hay robot
phién ban méi s& ton thoi gian it hon nguoi thg bac thip hay robot phién ban cil.
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Dé khic phuc han ché néu trén cta bai toan MS-RCPSP, bai bao nay dé xuét va
dinh nghia mét bai toAn mai thuéc ho RCPSP tén 1a TDOS-RCPSP (Time Depends On
Skill - RCPSP). Khéc biét quan trong nhit cua bai toan dé xudt so voi bai toan MS-
RCPSP trude day la nhitng tai nguyén véi mirc ki nang khac nhau s€ c¢6 thoi gian xur li
khac nhau dbi voi mdi loai tic vu. Khac biét do ciing 1a nguyén nhan khién TDOS-
RCPSP phu hop véi thuc té hon so voi bai toan MS-RCPSP trude day.

Phan con lai ctia bai bao gdm nhitng ndi dung chinh sau ddy: Muc 2.1 giéi thiéu ho
bai to4n RCPSP va nhiing cong trinh nghién ctru ¢o lién quan; Muc 2.2 phat biéu bai toan
mdi TDOS-RCPSP duéi dang mé hinh toan hoc; Muc 2.3 trinh bay thuét toan dé xuét
c6 tén 13 GCS duoc phat trién dua trén ¥y tuong cua chién luge tim kiém Cuckoo Search [10].
Cai tién quan trong ctia GCS mang lai hiéu ning manh mé& cho thut toan nay la ham
Improve ciing duoc gidi thiéu trong muc ndy. Nhitng két qua thuc nghiém nham kiém
chtng hiéu ning cua thuit toan dé xuat dugc trinh by & Muc 2.4 dya trén hai bo dir
lidu: bo dir liéu iMOPSE [7, 11] va b dir liéu TNG [12, 13]. Cudi cing, Muc 3 tom tat
nhimg két qua chinh trong bai va phac thao nhitng ¥ tudng nghién ctu tac gia du dinh
tién hanh dé mo rong cac ndi dung trong bai.

2. Noi dung nghién ciru
2.1. Ho bai toan RCPSP va nhirng nghién ctru lién quan

RCPSP 1a ho bai toan 1ap lich trong diéu kién tai nguyén han ché, chfmg han nhu

cac rang budc sau day:

- Tap hop tai nguyén la c6 han va cho trudc;

- Tai m&i thoi diém, mot tai nguyén chi co thé xir I duoc duy nhit mot tac vu. No6i cach
khac tai nguyén khong thé dong thoi xir Ii nhiéu tac vu dong thoi;

- Véi mot tac vu cho trude, khong phai moi tai nguyén déu c6 kha ning xir 1i ma chi
nhirng tai nguyén thudc tap con ing véi tac vu dé ma thoi.

Trong ho RCPSP, bai toAn MS-RCPSP duoc nhiéu nhom nghién ciru quan tim giai
quyét. Pau tién MS-RCPSP dugc H. Najafzad chimg minh la thudc 16p bai toan NP-Kho [6].
Sau d6 nhom nghién ctru cua Myszkowski da dé xudt cac giai phap heuristic [8] nhu:
sap xép lai tap tac vu dua trén thoi gian xu |i cua ching theo thir tu giam dan roi gan
cho cac tai nguyén dé thuc hién. Sau d6 Myszkowski va cong sy lan lugt dé xuat nhiing
thuat toan hiéu qua hon dya trén cac co ché Tabu Search, Ant colony va GA [7, 8, 11].
Bén canh nhitng thuat toan d6, mdt dong gdp quan trong cua nhom Myszkowski la xay
dung dugc bd dir liéu thuc nghiém iMOPSE [7]. BO dit liéu nay dugc cong nhan rong
rdi nhu bo dir liéu chuan dé tién hanh kiém ching nhing giai phap ma cac nhom nghién
ctru tim ra cho 16p bai toan RCPSP.

Ngoai MS-RCPSP, mot sb bai toan khac trong ho RCPSP ciing d3 dwoc nghién
ctru, chang han nhu bai toan MMSRCPSP (Multi-mode Multi-skilled Resource-
Constrained Project Scheduling Problem) da dugc Hosseinian va cdng su dé xuét giai
phap [2]. MMSRCPSP 1a mot phién ban khac ctia bai toan MS-RCPSP véi rang budc bd
sung la mdi tac vu chi cé thé duge thuc hién trong mot s6 ché dd cho trude. Sau thoi
diém bat dau qua trinh thuce thi tac vu thi ché d6 thuc thi khéng thé thay ddi duoc nira
ma phai gilt nguyén cho t6i khi tac vu duoc thue hién xong.
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DPé giai quyét bai toan MMSRCPSP, Hosseinian va cong su dd su dung thuat toan
GA truyén théng két hop voi phuong phap ra quyét dinh dua trén do do théng tin
Shanon-entropy dé tim kiém céc ca thé phu hop cho thé hé 10i giai ké tiép [3]. Trong
mot cong bd khac [4], nhém nghién ciu cua Hosseinian dd st dung thudt toan
Dandelion Algorithm dé giai quyét bai toan MS-RCPSP va sir dung bd dir lidu thyc
nghiém iMOPSE. Trong nghién ctru nay, Hosseinian huéng dén hai muc tiéu 1a t6i thiéu
hoa thoi gian va chi phi thyc hién dy an.

Tuong tu nhu Hosseinian, H. Davari-Ardakani va dong nghiép [6] cling nghién ctru
mot bién thé da muc tidu cua bai toan MS-RCPSP huéng dén muc tiéu giam thiéu thoi
gian va chi phi ctia du an. Bai toan dé xuéat, duoc H. Davari-Ardakani goi la MSPSP, tap
trung nghién ciru cac du 4n c6 hai dic diém sau:

- Thoi gian thyc hi¢n dy an 1a tuy y. Vi du nhu dy én co thé dugc thue hién vao
budi tbi hoic cudi tuan;

- Chi phi ndng lugng cho qua trinh thyc hién du an la rat cao, ch’fmg han nhu luong
tra cho nhan vién theo ché do lam viéc ngoai gid.

Trong bai béo clia minh, H. Davari-Ardakani chi méi phét biéu bai toan MSPSP ma
chua dé xuit bat ky giai phap ndo nén dén nay bai toan dugc coi 1a md cho nhirng nha
nghién ctru di sau.

Céc nghién ctu ké trén déu c6 mot han ché, do 1a gia thiét réng vo1 mot tac vu cho
trude, du tai nguyén nao xu i thi thoi gian thuc hién cling nhu nhau. N6i cach khac,
thoi gian xtr i cia mot tac vu chi phu thudc vao ban than tac vu chir khong phu thude
vao trinh d6 ki ndng cua tai nguyén. Gia thiét nay khong phu hop véi thyuc té, vi du
trong nha may cong nhan cang lanh nghé thi thoi gian hoan thanh san pham cang ngan,
hay robot cang hién dai thi thoi gian ché tao san pham cang nhanh.

Phéan tiép theo mo ta va phat biéu mot bai toan méi dugc chung t6i dat tén 1a
TDOS-RCPSP, dugc xay dung dua trén cac gia thiét nham khic phuc nhugc diém vira néu.

2.2. M6 hinh toan hgc cua bai toan TDOS-RCPSP

Trong bai toan TDOS-RCPSP, chiing t6i gia thiét rang mdi du an bao gdm mot tip
hop cac tac vu (cong viée) duge thuc hién, xur li boi mot tap hop cac tai nguyén (cong
nhan, robot). Mdi tac vu yéu cau muc ki ning riéng d6i véi tai nguyén dé c6 thé thuc
hién dugc tac vu do. Noi cach khac, tai nguyén can phai c6 mirc ki nang bang hoic cao
hon muc ki ndng ma tac vu yéu cau thi méi thuc hién duoc tac vu do.

v' Tai nguyén ¢6 kha nang xu li Tac vu
x Tai nguyén khong du kha nang xir li Wi W, W3 W,
Tai nguyén S2.2 S S22 S11
L1 S1.3, S22 v x v v
L2 S2.1, S22 x v x x
L3 S12, S21 x x x v
Ls S22, S3.3 v v v x

Hinh 1. Yéu cau ciia tac vu déi véi tai nguyén vé mic ki ning
Trong Hinh 1, ky hiéu Sij c6 nghia 14 ki ning can thiét 1a Sj va trinh d6 ki nang toi
thiéu phai 1a j;
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Vi du: cot dau tién ctia bang con Tac vu (W1, S2.2) cho thiy rér}g tac vu W1 yéu cau
tai nguyén phai ¢ ki ndng Sz v6i mirc do ki nang 16n hon hodc bang 2. Bang con Tai
nguyén cho thy tai nguyén L1 €6 ki ndng Sz va muc d6 ki ndng cua S la 2 nén tai
nguyén L1 c6 thé thuc hién dugc tac vu Wi.

Bai todn TDOS-RCPSP duoc dinh nghia nhu sau véi ki hiéu:

- Cjlatap hop cac tac vu cha cua tac vu Wj, nhiing tac vy nay can dwoc hoan thanh
trude khi bat dau thuc hién tac vu Wj;

- S:tap cac kinang; S': tap con ki ning ma tai nguyén Li s¢ hiru. Di nhién ta c6 S'cS;

- Si: ki nang tht i;

- tj thoi gian dé tai nguyén thi k thyuc hién tac vu tha j;

- L:tap hop tat ca cAc tai nguyén; Li: tai nguyén thi i;

- L* tap hop cac tai nguyén co di kha ning thuc hién tac vu k; Di nhién ta c6 LXc L;

- W: tap tat ca cac tac vu cua du &n; Wi: tac vu thir i;

- WX tap hop tat ca cac tac vu ma tai nguyén k c6 da kha nang thuc hién; Ta cé WKc W;

- r'": tap hop ki ning doi héi bai tac vu i;

- B(Wk) and E(Wk): thoi diém tac vu k duoc bat du thuc hién va thoi diém ma né
duoc hoan thanh;

- Auy" bién logic xac dinh tai nguyén v dang thuc hién tdc vu u tai thoi diém i hay

khong, Auy' = 1 nghia la tac vu u dang duoc thuc hién boi tai nguyén v tai thoi diém i;

- hi: mtic ki nang cua ki nang Sj; gi: loai ki nang cua ki nang S;;

- P: mot lich biéu; Pan: tap hop tat ca cac lich biéu;

- n:sb luong tac vu; z: s6 lugng tai nguyén;

- WP first: tAC Vu déu tién duoc thuc hién dudéi sy bd tri theo lich biéu P;

- WP st the vy cudi cung duoc hoan thanh dudi sy bé tri theo lich biéu P;

- f(P): ham muyc tiéu, gia tri cua ham nay chinh la thoi gian thuc hién (makespan) cua

lich biéu P:

f(P) = E(WP Iast) - B(WP first) (1)
Bai toan TDOS-RCPSP dugc phét biéu nhu sau. Hay tim lich biéu sao cho:
f(P) = E(WP Iast) - B(WP first) — min
Cong thue (1) x4c dinh gid tri ciia ham muc tiéu chinh 1a khoang thoi gian tir thoi diém
bat dau thuc hién tac vu dau tién dén thoi diém tac vu cudi cung dugc hoan thanh.
Mot lich biéu P phai théa man céc rang budc sau day mai duoc coi 1a hop 1€:

K= Vik el (2)
txk =0 VYWjeW, Vikel (3)
E(W;) >0 VWi eW 4)
E(Wi) <B(W)) ¥W;eW, j=1, Wie Cj (5)
VW, e Wk3S, €S* g5, =g,i and hg, = h,. (6)
v Lk €L, Vq € [B(Wflzrst)'E(Wlflst)] : 2?:1‘4?,]( =1 (7)
VW, € W,vq € [B(Wf,s), EWh)], 3! Ly € L:Al, =1 (8)
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if hy < hthenty <t; VvV (@*rH) e{skxs} 9)

Trong do:

- Rang budc (2) qui dinh rang mai tai nguyén phai so hitu it nhat mot ki nang;

- Rang budc (3,4) dam bao rang thoi gian thuc hién tc vu phai 1a mot gia tri duong;

- Rang buoc (5) ngu y rang tac vu cha (Wi) phai dugc hoan thanh trudc khi tac
vu con (W;) bat dau;

- Rang budc (6) dam bao riang véi mot tac vu bat ky Wi e W (tap hop tét ca céc tac
vu ma tai nguyén k c6 da kha nang thuc hién), ludn c6 mot ki niang S € SX ¢6 cung loai
ki ning ma nhiém vy Wi yéu cau va mic ki ning cao hon hoic biang muc ki ning ma Wi
yéu cau;

- Rang budc (7) qui dinh rang tai mdi thoi diém (q) trong qué tr‘mh thuc hién lich
biéu P, mdi tai nguyén chi thuc hién nhiéu nhat mot tac vu. Néu Y7 =0 thi tai
nguyén k khong dugc phan cdng thuyc hién nhiém vy nao ca. Trong truong hop

?zlAgk =1 thi tai nguyén k duoc phan céng thuc hién mat tac vu;

- Rang budc (8) dam bao rang mdi tac vu chi duoc thyc hién boi mot tai nguyén
duy nhat:

- Rang budc (9) mé ta rang murc ki ning cua tai nguyén cang cao thi thoi gian thuc
hién tac vu cang ngin.

So sanh v6i nhiing bai toan trudc ddy nhu MS-RCPSP [6], khac biét co ban va
quan trong ctia bai todan TDOS-RCPSP nam & rang budc (9). Rang budc nay mo ta rang
thot gian thue hién tac vu phu thuge vao trinh do ki nang cua tai nguyén, do d6 muc ki
nang cua tai nguyén cang cao thi thoi gian dé tai nguyén thyc hién nhiém vu cang ngén.
Diéu nay lam cho tinh thyc tién cta bai toan TDOS-RCPSP cao hon so véi nhiing bai
toan da duoc phat biéu trudc d6 nhu MS-RCPSP. Chang han trong ddy chuyén san xuat
ctia nha may, cac cong nhan lanh nghé hon hay cic may moc va ro-bét phién ban tién
tién hon ludn co thoi gian thyc hién ngan hon.

2.3. Thuit toan dé xuat

Cuckoo Search 1a mot co ché tién hoa hiéu qua dugc cong bd boi Xin-She Yang va
Suash Deb vao nam 2009 [10]. Dé giai quyét bai toan TDOS-RCPSP néu trén, bai béo
nay dé xuat thuat toan méi tén 1a GCS (Greedy Cuckoo Search) dua trén co ché Cuckoo
Search. Dé nang cao hiéu qua ciia Cuckoo Search truyén thong, ching t6i xdy dung
thém ham Improve dé nang cao chat luong 15i giai cho nhimng lich biéu tét nhat trong
mdi thé hé.

2.3.1. Ham Improve

Quan sat viéc thuc hién cac du an thuc té, ch'fmg han mdgt day chuyén san xuét cong
nghiép, ta thay c6 thé xdy ra hai truong hop sau:

- Tac vu cha va tac vu con dugc thuc hi¢n boi cung mot tai nguyén, khi do céc tai
nguyén s& duogc sit dung mot cach hiéu qua, lién tuc va khong c6 thoi gian rdi.

- Tac vu cha va tac vu con dugc thyc hién boi hai tai nguyén khac nhau. Trong
truong hop ndy, do6i khi tai nguyén cho tac vu con da sin sang nhung phai chod tic vu
cha vi n6 chua két thic, hau qua 1a tai nguyén bi roi vao tinh trang nhan rdi va bi lang phi.
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- Pé khic phuc tinh trang lang phi tai nguyén trén, ching t6i xay dung ham
Improve dé giam thiéu thoi gian nhan rdi cua tai nguyén tir d6 giam thoi gian thuc hién
dy 4n. Cac budc cu thé nhu sau:

- Bu6e 1: Tim tai nguyén trong du an két thuc cong viéc muodn nhat (ky hiéu 13 Lp).

- Bude 2: Kiém tra cac tac vu do Lp thuc hién theo tha tu nguoc (tuong ty nhu thi
tu LIFO trong ngan xép), nghia la tac vy thuc hién sau s€ dugc xem xét trudce. bdi véi
modi tac vy, ham Improve thuc hién cac budc sau:

+ Tim khoéng thoi gian nhan 16i cua tai nguyén

+ Sira doi thu tur thye hién cac tac vu bang cach di chuyén n6 dén vi tri twong ung
vo1 thoi gian nhan rdi cua tai nguyén. Kiém tra tinh hop 1& cta lich biéu méi, nhat 1a
rang budc vé muc do uu tién gitra cac tac vu.

+ Néu lich biéu hop 18 thi cap nhat thoi gian bat dau va két thiic cta cac tac vu lién
quan. Tinh toan lai thoi gian thuc hién (makespan) theo su sap xép cia lich biéu méi.
Néu makespan nho hon (t6t hon) lich biéu cii thi cap nhat lai lich biéu. Néu khong thi
khoi phuc lai lich biéu cil.

Nguyén tic ciia ham Improve 1 phan cong lai tic vu cho céc tai nguyén dé giam
thiéu thoi gian nhan rdi cta chiung, nhd d6 giam duoc tong thoi gian thuc hién coa dy an.
2.3.2. Thuit toan GCS

La co ché tién hoa hiéu qua thuong dugc ap dung cho cic bai toan NP-Hard,
Cuckoo Search [10] cap nhat quan thé bang cach sir dung budc dich chuyén ngﬁu nhién
Lévy Flight [14] v6i d6 dich chuyén tuan theo phan phdi Levy va két hop voi hai ki
thuat tim kiém 13 Tim kiém cuc bd va Tim kiém toan cuc. Hai ki thuat tim kiém nay
gitip Cuckoo Search mo rong khong gian tim kiém va tranh dugc biy cuc tri dia
phuong. Chung t6i dd xdy dyng thuat toan GCS dua trén ¥ tuong Cuckoo Search két
hop voi ham Improve dé cai thién lich biéu t6t nhat cho mdi thé hé. Cu thé GCS thuc
hién cac budc sau:

- Bu6e 1: Khoi tao quan thé ban dau gdm n c4 thé (tirc 1 lich biéu).

- Budc 2: Tinh cac tham s6 dic trung cua quan thé nhu makespan cua ca thé t6t
nhit (bestnest), makespan tot nhat ciia mdi ca thé trong quan thé qua céc thé hé (fitness).

- Buée 3: Thuc hién cac budc tién hoa cho quan thé trong ting thé hé.

- Budc 4: V6i mdi thé hé:

+ Budc 4.1: Xay dung lich biéu méi Prew bang co ché Tim kiém toan cuc cia
Cuckoo Search.

+ Bude 4.2: chon mot ca thé bat ky Pi population tir quan thé:

P = {Pnew iff(Pnew)<f(Pi)
l P; iff(Pnew)Zf(Pi)

+ Buwde 4.3: Tinh makespan cia ca thé tot nhit (bestnest), makespan t6t nhét cua
mdi ca thé trong quan thé qua cac thé hé (fitness).

+ Budc 4.4: Thay thé pa% ca thé toi nhat trong quan thé bang nhitng ca thé méi tim
thdy thong qua co ché Tim kiém cuc bd ctia Cuckoo Search.

+ Buéc 4.5 goi ham Improve dé cai thién chat lugng cho ca thé tot nhat trong quan
thé. Pay 1a cai tién quan trong ctia GCS so v&i Cuckoo Search truyén thong.

- Budc 5: quay lai Bude 2 néu diéu kién két thuc 1ap chua dugc théa man.
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Algorithm GCS
Input: dataset, tmax (maximum number of evolution generations)
Output: the best schedule and its makespan

1. Begin

2. Load and Valid dataset // Nap bo dit liéu thuc nghiém vao

3. t«0

4. Pai < Initial population // Khéi tao quan thé ban dau

5. f<« Calculate the fitness, makespan, bestnest // Tinh céc tham s6

6. while(t<tmax)

7.  Pnew < Create a new schedule by using Lévy Flight and Global search

// Tao ca thé méi bang ki thuat dich chuyén Levy Flight va tim kiém toan cuc

8. Pi « Take an arbitrary schedule from P
9 P = {Pnew iff(Pnew)<f(Pi)

l Pl iff(Pnew)Zf(Pi)
10. PP2« pa% worst schedules in the Pa // thay thé pa% ca thé tdi nhét
11. For j =1 to size(PP?)
12. Pnew < Create a new schedule by using Lévy Flight and Local search

// thay thé pa% ca thé toi nhat bang ca thé mai nho ki thuat Lévy Flight and Local search

13. P-pa _ Pnew if f(Pnew) < f(%pa)
T BPYif f(Buew) = F(PPY)
14. End For
15. Pan < PP
16. f <« Calculate the fitness, makespan, bestnest // Tinh lai cac tham s
17. bestnest = Improve (bestnest) // goi ham cai thién chat lwong 10i giai

18. makespan = f(bestnest)// f(): ham tinh makespan ctia mét lich biéu cho trudc
19. t=t+1

20. End while

21. return {bestnest, makespan}

22. End

2.4. Thuc nghiém
2.4.1. Hai b§ dir liéu thwe nghiém iMOPSE va TNG

Pé kiém chung hiéu qua cua thuat toan dé& xuit GCS, cac thuc nghiém dugc tién
hanh trén hai bo dir liéu:

- B6 dir ligu iMOPSE [7]: day 1a bd dﬁf liéu da duogc cong bd va st dung rdng rai
trong cac nghién ctru trude day [4, 8, 11] vé ho bai toan RCPSP.

- Bo dir liéu TNG: day la bo dir liéu dugc chung t6i thu thap tir cac day chuyén may
cong nghi¢p cua tap doan dét may TNG [12]. B dir liéu TNG chtra thong tin tir hai hop
dong dét may nhu trong Bang 1.
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Bing 1. Hop déong vé sin phim dét may

~ A - z | SO lwong san | SO lwong tic
Stt Ma hop dong Loai san pham phim vu/sin phim
WE1190/1698402 Liner ‘ .
1 Buy Mar 14-F19 Ao so mi 33,693 71
FM4013/ 1536181 buy A .
2 Nov 08- E19 Quan boi 83,340 137

Bo dit liéu TNG bao gdém 8 tip con duogc luu trit tai [13] v6i cac truong thong tin
nhu sau:

- S6 luong tac vu/san pham: 71 (v6i cac tap con TNG 1,..., TNG 4); 137 (TNG 5,...,
TNG 8);

- S lugng san pham: tir 37 (v6i cac tap con TNG 1, TNG 5) dén 45 (TNG 4, TNG 8).
Trong trudong hop nay, tai nguyén la cong nhan cia nha may;

- Sb luong lién hé giita cac tic vu (quy dinh tht tu thuc hién cua chung): 1026
(TNG 1,..., TNG 4); 1894 (TNG 5,..., TNG 8);

- S6 luong ki ning ciia tai nguyén (trong trudng hop nay 1a sb bac tho): 6;

- Cac ki nang va murc ki nang twong tmg cla timg tai nguyén. Mot tai nguyén (cong
nhan) co6 thé cd nhicu ki nang;

- Thoi gian nha may san xuat ra san pham duoc do tai diy chuyén san xuét ciia nha
may: tir 296 gio (voi tap con TNG 3) dén 1174 gio (TNG 5).

Céc thyc nghiém duoc tién hanh v6i cac tham sd ciu hinh nhu sau: Bo dit liéu: 30
tap con (Bang 2) cua tap dir liéu iMOPSE va 8 tap con (Bang 3) cua bg dir liéu TNG;
S lan tién hanh thyc nghlem trén mai tap con dir liéu: 50.

Thuc nghiém duoc tién hanh trén CPU Core i5 2.2 GHz, RAM 6GB, Windows 10
v6i cong cu phan mém Matlab 2014.

2.4.2. Két qua thue nghiém

Pé danh gia va kiém chimg hiéu qua, thuat toan dé xuat GCS s& duoc so sanh véi
thuat toan sau:

- Thuat toan GA-M [7], mét trong nhitng thuat toan hiéu qua nhat da dugc dé xuat
trudc day;

- Thuat toan R-CSM (Reallocate Cuckoo Search): dugc xay dung tu thuat toan GCS
nhung loai b(:) ham Improve d€ danh gia nhimg tac dong tich cuc hoac tiéu cuc cua ham
nay doi véi toc do hoi tu va chat lugng loi giai.

Céc tiu chi so sanh bao gdm:

- Thoi gian thyc hign (makespan) cia lich biéu tt nhat ma thuat toan tim dugc trong
50 lan thyc hién chuong trinh (cot Best trong Bang 2 va Bang 3).

- Gia trj trung binh ciia makespan tinh trong toan bo 50 lan thyc hién chuong trinh
(cot Avg trong Bang 2 va Bang 3).

- Gid tri @6 léch trung binh cua makespan trong céc lan thuc hién chwong trinh
(cot Std trong Bang 2 va Bang 3).

Két qua thuc nghiém trén bo dir liéu IMOPSE va bo dit liéu TNG duoc trinh bay lan
luot trong Bang 2 va Bang 3.
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Bing 2. Két qud thwe nghi¢m trén bé dir liéu iIMOPSE

Tap dir liéu con GA-M R-CSM GCS

iIMOPSE Best [ Avg [ Std | Best | Avg | Std | Best | Avg | Std
iMOPSE-01 463 | 467 3.5 454 | 455 | 1.0 | 450 | 452 | 19
iMOPSE-02 520 | 526 5.5 506 | 509 | 21 | 502 | 504 | O
iMOPSE-03 480 | 485 4.3 471 | 473 | 15 | 464 | 467 | 2O
iMOPSE-04 477 | 487 8.1 461 | 464 | 23 | 452 | 460 | S4
iMOPSE-05 449 | 455 3.4 430 | 432 | 14 | 429 | 431 | 11
iMOPSE-06 220 | 224 2.4 208 | 210 | 1.3 | 203 | 207 | 29
iMOPSE-07 245 | 253 6.3 238 | 240 | 16 | 235 | 237 | 15
iMOPSE-08 235 | 243 7.7 237 | 238 | 01 | 232 | 234 | 17
iMOPSE-09 240 | 251 94 222 | 225 | 21 | 214 | 220 | 3
iMOPSE-10 242 | 247 3.2 230 | 232 | 18 | 226 | 230 | 32
iMOPSE-11 110 | 115 4.8 95 | 101 | 52 | 92 | 97 | 33
iMOPSE-12 148 | 153 4.0 144 | 152 | 78 | 143 | 148 | 41
iMOPSE-13 119 | 125 3.7 119 | 126 | 61 | 117 | 120 | 27
iMOPSE-14 193 | 200 6.8 185 | 189 | 36 | 183 | 185 | 18
iMOPSE-15 124 | 131 6.5 100 | 110 | 89 | 100 | 201 | 03
iMOPSE-16 440 | 446 5.7 422 | 428 | 1 | 421 | 422 | 06
iMOPSE-17 468 | 471 2.9 466 | 467 | 09 | 463 | 466 | 23
iMOPSE-18 481 | 484 2.6 459 | 461 | 1.2 | 454 | 459 | 43
iMOPSE-19 487 | 498 109 484 | 485 | 04 | 479 | 484 | 48
iMOPSE-20 465 | 469 4.0 456 | 457 | 03 | 453 | 456 | 2.7
iMOPSE-21 222 | 229 6.1 175 | 185 | 92 | 170 | 175 | 41
iMOPSE-22 249 | 255 51 237 | 240 | 27 | 234 | 237 | 22
iMOPSE-23 248 | 254 5.7 228 | 232 | 31 | 227 | 228 | 08
iMOPSE-24 317 | 321 3.3 288 | 203 | 49 | 283 | 288 | 48
iMOPSE-25 234 | 241 6.2 232 | 234 | 15 | 208 | 232 | 39
iMOPSE-26 126 | 134 74 110 | 119 | 81 | 106 | 110 | 36
iMOPSE-27 160 | 164 3.8 123 | 129 | 57 | 122 | 123 | 03
iMOPSE-28 133 146 121 120 | 132 | 103 | 117 | 121 | 34
iMOPSE-29 130 | 133 3.0 112 | 125 | 126 | 107 | 112 | 49
iMOPSE-30 133 | 139 5.8 117 | 127 | 91 | 114 | 127 | 20
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Bing 3. Két qud thuwe nghiém trén bj div liéu TNG
Tap dix GA-M R-CSM GCS

liéu con
ING Best | AVO | std | Best | AVO | std | Best |AVY| std

TNG1 201 203 3.5 131 136 4.5 129 (133 | 3.3
TNG2 198 205 8.3 133 138 5.2 132 | 137 | 4.5
TNG3 212 218 7.1 132 135 1.6 130 | 132 | 1.7
TNG4 176 187 | 11.3 | 127 134 7.6 126 | 133 | 6.9
TNG5 751 757 6.2 572 S77 4.1 563 | 568 | 4.3
TNG6 791 796 5.5 626 636 8.5 607 | 613 | 6.2
TNG7 810 820 | 10.7 | 569 573 5.7 556 | 560 | 3.8
TNG8 720 728 9.4 560 564 3.6 543 | 545| 1.6

Cac két qua thuc nghiém duoc tom tit va tong két nhu sau:
- Vi bo dir liéu iMOPSE:
ot Xét vé tiéu chi "Thoi gian thuc hién cua lich biéu tot nhat (Best)": thuat toan Qé
xuat GCS vuot trdi so voi GA-M tir 1,07% dén 30,89% va vuot R-SCM tir 0,02% dén
4,46%. So sanh chi tiét dugc minh hoa trong Hinh 3. K&t qua nay cling cho thay hi¢u
qua ma ham Improve mang lai 1a dang keé.

+ Xét vé tiéu chi "Gia trj trung binh (Avg)": thudt toan dé xuat GCS vugt trdi so v6i
GA-M tu 1,0% den 33,34% va vugt R-SCM tr 0,02% dén 10,40%. So sanh chi tiét
duoc minh hoa trong Hinh 4.

+ So sanh vé tiéu chi "D 1éch chuén (Std)": do 1éch chuan cia GA-M, R-CSM va
GCS lan luot 1a 164,2, 121,9 va 83,3. Két qua nay cho thay tinh 6n dinh cua thuat toan
GCS t6t hon hai thuat toan doi chirng la R-CSM va GA-M (Hinh 5).

- V61 bo dir liéu TNG:

+ Xét vé tiéu chi "Thoi gian thyc hién cua lich biéu tot nhat (Best)": GCS vuot trdi
hon GA-M tur 23,26% dén 38,68%, tot hon R-CSM tir 0,5 % dén 2,4%. So sanh chi tict
dugc minh hoa trong Hinh 6.

+ Xét vé tiéu chi "Gia trj trung binh (Avg)": thuat toan dé xuat GCS vuot trdi so voi
GA-M tur 23,14% den 40,56% va vugt R-SCM tur 0.5% dén 2.9%. So sanh chi tiét dugc
minh hoa trong Hinh 7.

+ So sanh vé tidu chi "D¢ léch chuan (Std)": do 1éch chuan cia GA-M, R-CSM va
GCS lan luot 1a 62.0, 40.8 va 32.3. K&t qua nay van cho thay tinh 6n dinh cua thuat toan
GCS tot hon hai thuat toan doi chirmg 1a R-CSM va GA-M (Hinh 8).
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Hinh 6. So sanh vé tiéu chi "' Theéi gian thuc hign cia lich biéu tét nhat (Best)™
(bg TNG)
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Hinh 7. So sanh vé tiéu chi "'Gia trj trung binh (Avg)"
(bg dar ligu TNG)
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Hinh 8. So sanh vé tiéu chi "D¢ l¢ch chudn (Std)"
(b di# ligu TNG)

3. Két luin

Bai bao nay trinh bay bai toan mdi TDOS-RCPSP, mét bai toan t6i uu t6 hop dugc
mg dung rong rai trong khoa hoc va thuc tién. Bai bao da phat biéu va trinh bay bai
todn TDOS-RCPSP dudi dang mo hinh toan hoc, sau d6 dé xuat thuét toan tién hoa
GCS dé tim 10i giai gan ding. Pugc xay dung dya trén co ché tién hoa Cuckoo Search,
ching toi da bo sung thém ham Improve nham cai thién chat luong 151 giai cho cé thé
t6t nhat ciia moi thé hé.

bé danh gia hi€u qua cua thuat toan dé xuét GCS, chung t61 da tién hanh thuc
nghié¢m trén hai bd dir liéu iMOPSE va TNG. Két qua thyc nghiém cho théy hiéu nang
cta thuét toan dé xuét vuot troi so véi thuat toan déi chung GA-M vé thoi gian thuc
hién cua lich biéu t6t nhat va gia trj trung binh. Piéu nay cho thiy chit luong 10i giai
cta thuat toan dé xudt tot hon so véi thuat toan ddi ching. Vé tiéu chi do 1éch chuan,
thuat toan dé xuat cling cho théy hoat dong on dinh hon so véi thuat toan d6i chung trén
ca hai bg dir lidu.

Trong thoi gian t61, tac gia s& tiép tuc thu thap cac bo dir liéu thyuc té trong nhiing
linh vyc san xuat c6 mo hinh dit liéu khac, chang han nhu mé hinh dit liu Kha phan
(Divisble Workload), tir d6 hy vong bo sung thém nhiing tinh nang giup thuat toan dé
xuét co thé thich nghi va hoat dong hi¢u qua trén nhiéu mé hinh dit liéu khac nhau.
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ABSTRACT

Evolutionary Algorithm for the Novel RCPSP Scheduling Problem

Nguyen The Loc !, Dang Quoc Huu? and Vu Thai Giang!
Faculty of Information Technology, Hanoi National University of Education
2Faculty of Economic Information System and E-Commerce, Thuongmai University

This paper proposes and states a novel problem called TDOS-RCPSP, a general
case of the classical RCPSP problem. TDOS-RCPSP problem has many applications in
science, especially in industrial production lines such as car assembly and textiles. In
this study, the TDOS-RCPSP problem is proved to be NP-Hard. Besides, like other
scheduling problems, TDOS-RCPSP will be classified and represented by Graham
notation. Since the TDOS-RCPSP is NP-hard, a new evolutionary algorithm based on
the Cuckoo Search strategy is proposed to find near-optimal schedules in a reasonable
computation time. To evaluate the proposed algorithm, we perform an evaluation study
using two datasets containing the iIMOPSE dataset, the datasets of previous algorithms,
and the TNG industrial sewing dataset. The experimental results show that the proposed
algorithm has better performance than previous algorithms.

Keywords: resource constrained project scheduling, evolutionary algorithm,
Cuckoo Seach algorithm.
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