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Tém tat: Bai bio dé xuét phuong phap tim 16i gidi cho Bai toan MS-RCPSP (Multi Skill-Resource Constrained Project
Scheduling Problem). MS-RCPSP di dugc chiing minh 12 bai toan NP-Khé, do vy can st dung cic phuong phép tinh
toan tién héa, can t6i uu nham tim dudc 16i giai phit hop trong thdi gian chip nhan dugc. Thuét todn dé xuét la thuat toan
lai ghép gitta thuat toan Cuckoo Search (CS) va k¥ thuat Rotate giip m& rong khong gian tim kiém sau mdi thé hé tién
héa, nham ting kha ning tim dudc 15i gidi t6t hon. Thuat toan méi goi 1a Ro-CS c6 kha ning 4p dung dé tim 15i gidi cho
bai todn MS-RCPSP. D€ kiém ching thuit todn Ro-CS, bai bdo tién hanh thuc nghiém trén bd dif liéu chuin iMOPSE,
két qua thuc nghiém dudc tdng hop, danh gid, so sanh, phan tich cho thy tinh hiéu qua cla thuit toin dé xuét.

Tu khéa: Tinh todn tién héa, thudt todn cdn toi wu, bai todn MS-RCPSP,
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Abstract:

The Ro-CS Algorithm Solving the MS-RCPSP Problem
This paper proposes a method to solve the MS-RCPSP problem (Multi Skill-Resource Constrained Project Scheduling

Problem). MS-RCPSP is an NP-Difficult, so it is necessary to use evolutionary, optimization methods to find a suitable
solution in an acceptable time. The proposed algorithm is a hybrid be-tween Cuckoo Search (CS) algorithm and Rotate
technique to expand the investi-gation space after each evolutionary generation, to increase the possibility of find-ing
a better solution. The new algorithm called Ro-CS is suitable to find a feasible solution for the MS-RCPSP. The
proposed algorithm has been experimented on the iMOPSE standard dataset, and the results are synthesized, evaluated,
com-pared, and analyzed to denote the effectiveness of the proposed algorithm.
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I. GIOI THIEU

Bai toan 1ap lich thuc hién dy an véi tai nguyén giGi
han RCPSP (Resource Con-strained Project Scheduling
Problem)[1, 2], la bai toan dat ra muc tiéu tim phuong
4n lich biéu dé bd tri cdc tai nguyén cho trudc thuc hién va
hoan thanh moi cong viéc (tac vu) trong mot dy an véi thoi
gian ngan nhit hodc chi phi thdp nhét hoic cin bing ca hai
yéu t6 thoi gian va chi phi. Thong thudng, sb lugng tic vu
can thuc hién cda du 4n 16n hon nhiéu so véi s lugng tai
nguyén c6 thé st dung. Bai toan MS-RCPSP (Multi Skill -
RCPSP)[1-4] mé rong tit RCPSP bing viéc bd sung thém
rang budc méi, gan vé6i cac du 4n trong thuc té hon, d6 la:
mbi tai nguyén cé thé cé nhiéu ky ning khac nhau va moi
k¥ niing c6 mic/bac ky ning nhéit dinh. Mbi tic vu sé& c6
yéu ciu vé tai nguyén thuc hién can dap tng loai ky ning
cu thé va mic k§ ning nhét dinh. Khi dé, cic tai nguyén c6
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k¥ ning ding theo yéu cau clia tic vu va mic k§ ning 16n
hon hoic bing so véi yéu cau sé c6 ning luc dé thuc hién
tdc vu. MS-RCPSP da dugc ching minh thudc 16p NP-Kho
nén khong thé tim ra 10i gidi t6i vu trong thdi gian da thiic,
thay vi d6, nhiéu nghién ctiu da tip trung vao viéc tim céac
phuong phap gidi tién hoa, can tdi wu dé tim gia 15i giai
chip nhan dugc va di tot trong thai gian phi hop.

Phan tiép theo clia bai bdo c6 céu triic nhu sau: Phan II
gi6i thiéu mot s6 cong trinh nghién ciiu c6 lién quan dén
bai todan MS-RCPSP. Phan III mo t4 phat biéu toan hoc clia
bai todn. Phan IV trinh bay thuét todn dé xuit Ro-CS dé
tim 15 gidi can tdi uu cho bai todan MS-RCPSP. Phan V mo
td cac thuc nghiém dé€ kiém ching thuét toan, phan tinh,
danh gia chit lugng 15i giai. Phan VI tém tit nhiing két
qua chinh clia bai bdo va hudng nghién ctiu sé tién hanh
trong tuong lai.
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II. NHUNG CONG TRINH NGHIEN CUU LIEN
QUAN

Bai toan 14p lich véi tai nguyén gidi han va da ky ning
MS-RCPSP ¢6 nhiéu tng dung trong khoa hoc va thuc
tién nén da dudc nghién ctiu rong rai bdi nhidu nha khoa
hoc va da c6 nhiéu cong bd khoa hoc lién quan dén bai
toan nay. Myszkowski va cong su [5] ¢6 nhiéu cong bd vé
bai toan nay, nhém tic gia da dé& xuit cic phuong phap
tim 161 gidi cho bai toan MS-RCPSP dua trén cac thuit
todn nhu: thuit toan Pan kién [4]; thuit toan GA [5, 14]
va mot s thuit toan khiac. Mot dong gép quan trong clia
Myszkowski va cong su 1a da xdy dung va cong bd bd dit
liéu chuan iMOPSE [5, 6] stt dung cho dé thuc nghiém céc
thudt toan cho bai toan nay. Hosseinian [7] va cOng su cling
¢6 nhiéu nghién ciu vé bai todn MS-RCPSP. Nim 2018,
Hosseinian va Baradaran cong bb két qua nghién citu [7]
vé bai todn Multi-mode Multi-skilled Resource-Constrained
Project Scheduling Problem (MMSRCPSP), mot bién thé
ciia bai toan MS-RCPSP trong d6 b3 sung thém rang budc
rang mdi tic vu chi cé thé dude thuc thi & mot vai ché
dd (mode) dinh trudc va khong thé thay ddi mode mot khi
qua trinh thuc thi da dugc bat diu. DE gidi quyét bai toan,
Hosseinian va cong su da st dung thuit toan GA ¢ dién
két hop véi phuong phap ra quyét dinh dua trén do do thong
tin Shanon-entropy dé lua chon cé thé cho thé hé ké tiép.
Nim 2019 nhém tdc gia nay cong bd bai bo [8] trong d6
st dung thuat toan Dandelion Algorithm dé gidi quyét bai
todn MS-RCPSP, trong bai nay nhom tic gia lya chon thuc
nghiém trén iMOPSE [5, 6, 14].

Javanmard va cong su st dung 2 thuit todn tién hoéa
truyén théng 1a GA va PSO d€ 1én phuong 4n lich biéu cho
céc tai nguyén da ky niing (trén thuc t& 12 cdc cong nhan
va ky su) thuc hién mot du 4n trong nganh héa chit véi
muc tiéu téi thi€u héa tdng chi phi ctia du 4n [9]. Hai thuat
toan dé xuét dudc kiém ching trén bo dit liéu PSPLIB, vén
khong hoan toan thich hgp véi nhiing bai toan 1ap lich co
muc tiéu 12 tbi thi€u héa chi phi.

H. Davari-Ardakani [10] d& xuft mot bién thé da muc
tiéu cta bai toan MS-RCPSP nhim tbi thiu héa hai dai
lugng la thoi gian va chi phi thuc hién cta du an. Dung
lai & viéc phat biéu bai toan, H. Davari-Ardakani va dong
nghiép [11] chua dé xuit dugc giai phdp méi ma chi tién
hanh thyc nghiém véi nhiing giai phap da cé nhu Max-min,
vi vy bai todn c6 th€ coi 1a vin con dé mé.

IIL. PHAT BIEU BAI TOAN

La bai toan md rong tu bai toan RCPSP, MS-RCPSP [1-
3, 12] bé sung thém rang budc vé ky ning clia tai nguyén
thuc hién: mdi thi nguyén c6 nhiéu ky ning (skill) khac
nhau va mdi k§ ning c6 mot mic/bac (level) cu thé. DE

thuc hién dugc tic vu, tai nguyén can dap tGng vé k§ ning
va miic k§ ning theo yéu cau cla tac vu. Cic rang budc
cua bai toan quy dinh, tai nguyén c6 cung loai ky nang va
¢6 miic k§ ning 16n hon hodc bang mic ky ning ma tic
vu yéu cau thi ¢6 thé thuc hién dugc tac vu doé.
Phat bi€u todn hoc ctia bai toan MS-RCPSP
Cac ky hiéu:
o C;: céc tic vu can thuc hién va hoan thanh trudc tic
vu i;
o S: tap k¥ ndng cla tit ca cdc tai nguyén; S': tap céc
ky niing cta tai nguyén i, S’ C S;
o S;: ky nang thu 7;
« t;: thoi gian thuc hién tac vu j;
o L: céc tai nguyén c6 kha nang tai st dung dugc dung
trong dy 4n;
o LK: céc tai nguyén ddp dng yéu ciu cia tic vu k;
Lk cL;
e L;: tai nguyén thi i;
o W: cdc tdc vu can thuc hién cla du 4n;
« WK: tap tac vu phi hdp véi ning luc clia tai nguyén k
L WEkcew;
e W;:tac vu thi i ;
« ri: tap k¥ ning dudc yéu cau dé thuc hién tic vu i;
e By, Ey: thoi diém bat dau va két thic tac vu & ;
o Aqu,v)": c6 gid tri bang 1 cho biét tai nguyén v; dang
thuc hién tac vu u tai thoi di€ém ¢ va ngudc lai;
o h;: mic ky ndng cda ky nang (skill) i;
o g;: loai k§ ning i; m: makespan clia ca thé (lich bi€u);
o P: lich biéu théa min céc rang budc clia bai toan;
o P(all): tap moi lich biéu;
e f(P): ham muc tiéu, trd vé makespan cla lich biéu P;
o z: s6 luong tai nguyén c6 thé st dung ctia du 4n;
o n: s6 luong tac vu can thuc hién ctia du 4n;

Loi giai cua bai toan MS-RCPSP lam tim ra mdt lich
biéu P dé:
f(P) — min (1)

Mot lich biéu ding can dap ting cdc rang budc sau:
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Céc rang budc vé ky ning cda tai nguyén dugc yéu ciu
d€ thuc hién moét tic vu dugec mo ta dudi dang mot ma tran
nhu vi du dugc minh hoa trong Hinh 1 dudi day. Trong
Hinh 1, ky hiéu: S(i.j) nghia 1a k§ nang S; va mic ky
nang j.

IV. THUAT TOAN PE XUAT

Thuit toan 1: fRotate.

1 Dit liéu vao: currentBest (cic thé t6t nhit sau mbi thé

hé)..
2 Dt liéu ra: lich biéu sau khi dugc hiéu chinh.
3 begin
4 makespan = f(currentBest);

newbest = currentBest;

Ly, « lastResource (newbest); //tai nguyén hoan
thanh sau cung

7 Wy, « {cac task vu dugc thyc hién bdi Lp, };

5
6

8 for i = size(W{f) downto 1 do

9 freepos « { Vi tri tai nguyén rdi };

10 if freepos > O then

1 newbest = { ;

12 W; thuc hién tai vi tri freepos;

13 Tinh toan lai vi tri thuc hién cta cac task

khac;
14 }
15 newmakespan = f(newbest); // tinh todn lai
makespan

16 if newmakespan < makespan then

17 makespan = newmakespan;

18 return newbest; / dich chuyén thanh

cong, tra vé két qua va dimg ham

19 end

20 end

21 end

22 return newbest;
23 end

La bai toan thudc 16p NP-Kho, dé tim 16i gidi cho MS-
RCPSP, can sti dung cic phuong phép tim 15 gidi gan diing.
Ro-CS 1a lai giita phuong phdp gan ding Cuckoo Search
va k¥ thuét Rotate.

1. Thuat toan Cuckoo Search (CS)

Thuat toan Cuckoo Search(CS) [12, 13] dugc Yang va
Deb dua ra vao niam 2009, dén nay CS da dudc nhiéu nha
khoa hoc nghién cifu va dp dung cho cdc bai toan tdi wu
khac nhau, trong d6 c6 bai toan MS-RCPSP. Thuat toan
niy dugc phat trién dua trén dic tinh sinh hoat ciia loai
chim Cuckoo va hanh vi bay ctia mot s6 loai chim va rudi
gidm - goi 1a Lévy flight.

CS phit hop v6i cac bai todn tdi uu tinh todn trén di
liéu 16n bang cich tao ra su cin bang trong cac ky thuét
tim kiém nghiém toan cuc va tim kiém cuc bo nham tao ra
cdc nghiém tot hon & thé hé tiép theo. Muc tiéu clia thuat
toan 1a sinh ra nhitng c4 thé méi c6 tiém ning tot hon thay
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Thuat toan 2: Ro-CS.

1 Dir liéu vao: dataset, t;,qx : 56 thé hé tién hoa
2 Dt liéu ra: ca thé tdt nhat va makespan

3 begin

4 Load and Valid dataset;

5 t=0;

6 P,y = Initial population;

7 f = {Calculate the fitness, makespan, bestnest};

8 while 7 < t,;,4x do

9 Prew = {Tao cd thé mdi bang Lévy Flight} (
theo cong thiic 10);

10 P; = {L4y ngiu nhién mét ca thé ti P,y };

11 if f(Ppew) < f(Pi) then

12 ‘ Pi = Pnew;

13 end

14 PP = pa% t6 kém nhét tif P,y;;

15 for j = 1 to size(PP%) do

16 Ppew = Tao cd thé méi bing Lévy

Flight(theo céng thiic 9);

17 if f(Ppew) < f(Pj.’“) then

18 ‘ Pf 4 = Prew:

19 end

20 end

21 P = {Thay thé PP¢ vao P,y );

22 f = {Calculate the fitness, bestnest};

23 bestnest = fRotate(bestnest);

24 makespan = f(bestnest);

25 t=t+1;

26 end

27 return {bestnest, makespan};

28 end

thé cdc ca thé (nghiém) c6 chit lugng kém. Viéc tao ra ca
th€ mdéi 4p dung ky thuat Lévy Flight v6i cac phép Tim
kiém toan cuc (Global Search) va Tim kiém cuc bd (Local
Search).

Thé hé tiép theo tao ra bang phép tim kiém cuc bo, ap
dung cong thuc 9:

x;“ :x§+as®H(pa—€)®(x;—x;c) ©)

Thé hé tiép theo tao ra bing phép tim kiém toan cuc, ap
dung cong thic 10:

x =Xl aL(s, A) (10)
véi:
AT (V) sin(za/2) 1
L(s, 1) = AL Wsin(xd/2) —s>>s50>0 (11
T s +4
trong do:

o A: 12 mdt hing s6, 0 < A < 2
e I'(1): 1a ham tra lai gia tri (2-1)!

Thuat toan CS thuc hién bang cach tién héa quan thé qua
nhidu thé hé khac nhau. O mdi thé hé, CS thuc hién tao
mot ca thé méi bang ky thuat tim kiém toan cuc (Glob-al
Search). Sau khi tinh todn, tién héa, thuit todn sé thay thé
mot s6 ca thé kém nhét bang cic ca thé méi, cic ca thé
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v Co thé thiét lap Tic vu
x Khéng thé thiét 1ap S22 S3.1 S22 S
Wi W, 3 Wy
Tai nguyén
513,512 L v x v v
S71,832 L; * v * *
1.2, 821 L * x * v
S52.2, 833 Ly v v v *
Hinh 1. Tai nguyén thyc hién tac vu.
Trrse |t W, W, W, |We W, W,
Rotate ||, W, o W, W, W,
! i -
s |l W, W, W, W W, W,,
Rotate |L, i W, W, we, | w, E

o 1 2 3 4 5 6 7 8 'Ellﬂil12131&15151?131920"[&

Hinh 2. Biéu d6 Gantt khi 4p dung phuong phdp Rotate.

mdi tao ra bang ky thuat tim kiém cuc bd (Local Search).
Két qua ctia thuat todn 1a mot ca thé (lich biéu) véi thoi
gian thuc hién tdi thiéu.

2. Ky thuat Rotate

Rotate 1a k§ thuat xoay vong nham han ché t6i da khoang
thoi gian rdi clia tai nguyén, din dén gidm tdng thdi gian
thuc hién du 4n. Cac budc thuc hién cu thé nhu sau:

o Budc 1: Tim tii nguyén st dung nhiéu nhit trong
Cbest, goi 1a Lb. Day 1a tai nguyén két thic cong viéc
sau cling trong cic tdi nguyén st dung d€ thuc hién
du an.

« Budc 2: Duyét céc tic vu duge thuc hién bsi Lb theo
thd tu ngudc véi thu tu thuc hién tir phai qua trai trén
tai nguyén, tic la tdc vu nao thyc hién sau s€ xem xét
trudce.

WR: tap tic vu vu dang dugc thuc hién béi Ly,

« Buge 3: Vi mdi tic vu W; € WR(

sizeof(W}f)downtol), thuc hién:

— Budc 3.1: Tim khodng thoi gian r6i trén tai nguyén

— Budc 3.2: Chuyén thit ty thuc hién clia tdc vu hién
tai vé vi tri clia thi nguyén rdi néu khong vi pham
rang budc vé thi tu vu tién.
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— Budc 3.3: Biéu chinh thoi gian bit ddu va két thic
thuc hién cta cdc tac vu cé vi tri thuc hién sau
vi tri méi cda tac vu hién tai

— Budc 3.4: Tinh toan lai makespan ctia du 4n, néu
tao ra ca thé t6t hon thi ding thuit toan.

Vé ban chit, phuong phap Rotate 1a cich tai sip xép thi
ty thuc hién cic tdc vu trén tai nguyén hoan thanh céng
viéc sau cting ma khong vi pham céc rang budc vé thi tu
uu tién gilta cdc tdc vu, dong thoi han ché t6i da thoi gian
tai nguyén r6i. Viéc nay gitip gidm tdng thdi gian thuc hién
du 4n dang ké.

Hinh 2 1 vi du v& mét du 4n véi 10 tic vu va 2 tai
nguyén. Trudc khi dp dung ky thuat Rotate, thoi gian thuc
hién tac vu la 20, sau khi ap dung ky thuat Roate, thoi gian
thuc hién du 4n gidm xubng con 10.

Phuong phdp Rotate dugc trinh bay chi tiét trong Thuat
toan 1.

VOi:

o f: ham tinh makespan ctia mdt lich biéu

o size: ham tinh s phan tif clia mot tAp/mang

« lastResource: ham tra v& tai nguyén két thiic thuc hién

sau cung
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KET QUA THUC NGHIEI\E?}%EL BO DU LIEU IMOPSE
Dataset cA Ro-CS
Best Avg Std Best Avg Std

100.5.64.15 478 487 8.2 462 467 2.5
100.5.64.9 453 457 3.2 430 434 2.1
100.10.26.15 221 224 2.1 209 213 1.9
100.10.47.9 247 253 59 237 240 1.3
100.10.65.15 240 244 32 233 236 22
100.20.22.15 109 115 5.2 101 109 5.2
100.20.46.15 145 150 4.1 143 152 7.2
100.20.65.9 124 131 6.5 115 127 6.3
200.10.128.15 440 446 5.7 428 435 4.1
200.10.50.15 468 471 29 465 467 0.5
200.10.85.15 465 469 4 456 458 0.3
200.20.145.15 222 229 6.1 183 192 3.8
200.20.54.15 249 255 5.1 235 240 2.7
200.40.133.15 126 134 74 115 127 9
200.40.91.15 133 139 5.8 119 128 7.1
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Hinh 3. So sinh két qué thuc nghiém cla gia tri BEST.

3. Thuit toan Ro-CS

Ap dung k¥ thuét Rotate vao thuat todn CS ta dugc thuat
toan 2 Ro-CS duéi day.

Vdi:

o f: ham tinh makespan ctia mot lich biéu

«» fRotate: 1a ham 4p dung ky thuat Rotate.

V. KET QUA THUC NGHIEM

D€ kiém chiing thuit toian dé xuit Ro-CS, bai bdo tién
hanh thuc nghiém trén bo dif liéu iIMOPSE [5,6,14] (1a bo
dit liéu chuan qudc té dugc phat trién riéng cho bai todn

MS-RCPSP. B6 dit liéu iMOPSE dudc thé hién nhu trong
Bang II dudi day.
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Trong dé:

o Tasks: 1 sb tac vu can thuc hién cta dy 4n.

« Resources: 12 sb tai nguyén cé thé st dung dé thuc
hién céc tac vy, cac tai nguyén nay c6 kha nang tai su
dung, nghia 13 sau khi hoan thanh mét tic vy, c6 thé
st dung tai nguyén dé dé thuc hién tic vu khac.

« Precedence Relations: 13 tdng s6 rang budc uu tién
gilta cdc tac vu trong bai todn, rang budc uu tién chi
ra thi tu thuc hién cda cac tac vu.

o Skills: s6 ky ning ctia tai nguyén thuc hién, mdi tai
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Hinh 4. So sanh két qui thuc nghiém cta gia tri AVG.
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Hinh 5. So sanh két qui thuc nghiém ctia gid tri STD.

nguyén cé thé c6 nhidu ky ning khic nhau, mdi ky
ning c6 mot muic ky ning cu thé.

1. Tham sb thue nghiém

Thuc nghiém Ro-CS dugc cai dit v6i cic tham sb dau
vao nhu sau:

Du liéu: 15 file dir liéu trong bd dit liéu iMOPSE nhu
trong Béang L.

Khdi tao quan thé ban dau véi 100 ca thé;

S6 thé hé tién héa: 50.000;

S6 1an chay thuc nghiém trén méi bo dit lidu: 25;
MBbi trudng thuc nghiém: Thuc nghiém dugc tién hanh
trén moi truong Matlab 2014
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« My tinh thuc nghiém: CPU Intel Core i5, toc do 2.2
GHz, RAM 6GB, hé diéu hanh Windows 10.

2. Tham s6 thuc nghiém

Két qua thuc nghiém véi bo dit lieu iMOPSE [5,6] dugc
trinh bay trong Bang I.

Trong Bang I, dit liéu cot GA dugc 14y tir phan thuc
nghiém clGa nhom tic giadi Myszkowsky véi cong cu
GARunner [14] do chinh nhém tic gidi cong bd.

Cic thuc nghiém dugc trién khai trén 02 thuit toin GA
va Ro-CS st dung bd dit liéu iMOPSE. Bai bdo da tién
hanh thyc nghiém cac thuét todn mot cach doc 1ap véi cac
tham s6 dau vao cai dit nhu trong muc v. Két qua thuc



_ _Bangll
BO DU LIEU IMOPSE
Name Tasks Resources| Precedence | Skills
Relations

100.5.64.15 100 5 64 15
100.5.64.9 100 5 64 9
100.10.26.15 100 10 26 15
100.10.47.9 100 10 47 9
100.10.65.15 100 10 65 15
100.20.22.15 100 20 22 15
100.20.46.15 100 20 46 15
100.20.65.9 100 20 65 9
200.10.128.15 200 10 128 15
200.10.50.15 200 10 50 15
200.10.85.15 200 10 85 15
200.20.145.15 | 200 20 145 15
200.20.54.15 200 20 54 9
200.40.133.15 | 200 40 133 15
200.40.91.15 200 40 91 9

nghiém dugc trinh bay trong Bang II chi ra thuit todn Ro-
CS c6 chét luong 16i gidi t6t hon thut toan GA trong moi
trudng hop. Cu thé:

« Vdi gid tri tot nhat (BEST) Ro-CS t6t hon GA tir 0.6%
dén 17.6%. So sanh chi tiét dugc thé hién trong Hinh
3.

« Vdi gid tri trung binh (AVG) Ro-CS t6t hon GA tit 0%
dén 16.2%. So sanh chi tiét dugc thé hién trong Hinh
4.

o Tong dod 1éch chuin clia GA 75.4, cia Ro-CS 56.2,
diéu nay cho thiy Ro-CS hoat dong én dinh hon. So
sanh chi tiét dugc thé hién trong Hinh 5.

Nhu vy, thuat todn méi Ro-CS véi viéc bS sung ky thuat
Rotate mang lai qua t6t hon so véi GA.

VI. KET LUAN

Bai bdo nay da trinh bay phat biéu toin hoc cu thé vé
bai toan MS-RCPSP thong qua cac rang budc, day la bai
toan c6 nhiéu ng dung trong khoa hoc va thuc té. D& tim
16i gidi cho bai toin MS-RCPSP, bai bdo da dé& xuit mot
thuét toan méi la Ro-CS, day la thuat toan lai gitta thuat
toan di truyén va ky thuat Rotate nhim md rong khong
gian tim kiém sau mdi thé hé tién héa. D€ kiém chiing tinh
hiéu qua ctia thuit toan dé xut, bai bdo da tién hanh thuc
nghiém trén bd dit liéu iMOPSE (bd dit liéu chuidn dugc
phit trién d€ tién hanh cic thuc nghiém riéng cho bai todn
MS-RCPSP). Két qué thuc nghiém da dudc téng hop, so
sanh v6i GA trén cic gia tri t6t nhat (BEST), gia tri binh
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quan (AVG) va gia tri do 1éch chudn (STD). Thong qua
viéc so sanh cho thdy, Ro-CS mang lai hiéu qua tot hon
GA véi cung bai todn va cung bd dit liéu thuc nghiém, cu
thé: gia tri BEST t6t hon tit 0.6% dén 17.6%, gia tri AVG
tot hon dén 16.2 va téng STD t6t hon 19.2.

Ngoai viéc st dung tim 16i giai cho bai toan MS-RCPSP,
thuat toan Ro-CS con c6 kha niing 4p dung tdt cho cac bai
toan lap lich khic. Trong thdi gian tdi, tic gia sé tiép tuc
nghién cifu va cai tién thuat todn dua trén cdc phuong phap
gan ding khéc, st dung budc di chuyén ngiu nhién dua
trén xdc suat Gauss, Cauchy, ... nham nang cao chit lugng
16i gii.
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