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Tém tat: Nhan lue Ia mét loai nguén lue quan trong trong quan ly dw an. Piéu phdi nhan luc hop ly sé tao nén
thanh céng cta dyw an. Cac cong cu dung cho viéc diéu phdi nguén nhan luc thuong dung nhu phuong phap
duUng Gang, mé hinh toén tuyén tinh. Tuy nhién, cac phuong phap nay thuo’ng khéng linh hoat va con nhiéu han
ché trong quan ly tién dé. Vi vay, bai bdo nay dé xudt thuat toén lai ghép tién héa (LG TH) dwa trén thuét todn bay
ong nhan tao (BONT) va tién héa vi phan (THVP) dé diéu hoa nhén luc théng qua t6i vu céc hé sé diéu hoa st
dung nhan céng khéng déu (K1) va hé s6 phan bé lao déng khéng déu (K2). Mét vi du vé nha xuéng Iap ghép
duroc dung dé kiém chimg tinh hiéu qua cia thuét todn dé xuat.
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Ahybrid evolutionary algorithm for levelling manpower in scheduling projects

Abstract: Manpower plays an important role in project management. The methodologies were usually used for
managing and leveling resource as: Critial path method, linear programming. However, these approaches are
inflexible and limted in scheduling projects. Therefore, this study proposed a hybrid evolutionary algorithm, based
on artificial bee colony and differential evolutionay algorithms for levelling resource profile according to unstable

resource usage (K1) and unstable resource allocation coefficients (K2). A numerical case study of a pole barm
project was used to verify the efficiency and effectiveness ofthe proposed algorithm.
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(® 1.patvanad

Cung véi sw phét trién clia dat nwéde, nganh cong nghiép xay dung ciing khéng nglrng vuon lén va tién
xa hon vé cong nghé va ky thuat. Do do, yéu cau vé mot cong trinh dat chat lweng véi chi phi hiéu qua va thi cong
trong théi gian ngan nhat 1a rat quan trong. Diéu nay doi hdi nhivng nha quan Iy dw an, cac ki sw [ap nén tién do
dw &n can co trinh d6 chuyén mén nhét dinh, sap xép cac cong viéc thuwe hién mét cach cé hiéu qua nhat sao cho
cac yéu td quan trong nhw nhan céng, may méc, vat liéu dwoc téi wu mét cach hop ly va dap ing nhu cau mét
cachchudong[1].

Trong dw an, biéu d6 nhan lwc la co sé& dé danh gia tng tién da thi cong, dé thiét ké cac cong trinh tamva
xac dinh nhu ciu vat chat phuc vu tam thai nhuw dién, nwée.... va la can clr dé 1ap ké hoach didu phéi lwc lvong
san xuét trén cong trvérng [2]. Do vay, bai toan diéu hda ngudn nhan lwc 1a bai toan quan trong trong xay dwng va
dwoc sw quan tam clia cac nha quan ly dw an ngay tir giai doan 1ap ké hoach [3]. Co nhiéu phwong phap dé giai
bai toan nay nhw phuwong phép ding toan hoc tuyén tinh, phuong phép ti wu ngau nhién. .. [4, 5]. Tuy nhién, cac
phwong phap trén chi phu hop véi cac dw an co it cong viéc. Déi vai cac dw an cé nhiéu cong viéc, thi can co mét
giai thuat hiru hiéu dé giai, chang han nhw cac thuat toan tién héa hay thuat toan bay ong nhan tao [6].

Trong linh vwe thuat toan tién hda, nhiéu nha nghién ctru da chi ra réng lai ghép cac thuat toan véi nhau
sé tao ra thuat toan méi tt hon cac thuat toan don 1& trong viéc gidi quyét cac bai toan téi wu hoa[7, 8]. Do vay, lai
ghép v&i cac thuat toan khac tao nén tiém nang dé cai thién thuat toan BONT va THVP [7, 9, 10]. Nhivng diém
manh ctia thuat toan lai ghép tién hoa da dwoc nhiéu nha nghién ctru ap dung dé gidi bai toan tdi wu toan cuc [11]
va nhiéu cdng b minh chirng sw virot trdi clia thuat toan LGTH trong cac bai todn & nhiéu linh vire khac nhau
nhw téi wu dong dién [12], tdi wu lwa chon dac diém trong van dé phan loai [13]. Tuy nhién, theo nghién ctru téng
quan thi thuat toan LGTH rat it &p dung vao bai toan quan ly nhan lwc trong tién do dw an. Do 1a Iy do tac gia st
dung thuattoan LGTH cho bai toan diéu hda ngudn nhan luc.
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(@, 2.Baitoan aiduhéangudn nhaniyc

Bai toan diéu hoa ngudn nhan lwe nhdm muc dich la giup cho biéu dd nhan lwc dat t&i nguwdng ly twéng,
lam cho cac hé sé K cla biéu d6 nhan lwc dat dén hé sb tbt nhat cé thé. Sw didu chinh cac cong viéc khéng Gang
sé cho ta két qua mong mubdn trén bidu dd nhan lwc [2]. Baitoan didu hda nhan lwc la mét dang cla bai toan téi wu
hoatrong do cé cac ham muc tiéu va cac bién sd dwoc gidi thich nhw sau.

2.1 Ham muc tiéu

Ham muctiéu clia bai toan dwoc viét dwdi dang sau:

Min f = min(f; — 1+ f3) (1)
Ham con f, la mirc d6 didu hda nhan lyc trong pham vi cho phép.

_ _ Pnax i A
=K = Py -Ptb—F (2)

trong dé: P, 14 s6 cong nhan trong ngay déng nhéat; P, 1a s6 nhan cong trung binh; Tla théi gian lao déng (1ay theo
tién dd); A la tdng hao philac déng ciing cé thé duoc |4y bang dién tich da giac dwoc bao béi bidu d6 nhan luwc.

Ham con f,la mirc d6 st dung nhan lwc theo sb lvong.

=K = T (3)
trong do: A, 1a lvong lao ddng déi trén mirc trung binh.
2.2 Cac bién sé
Cac bién sb clia bai toan la thdi gian bt dau thuc hién cla cac cong tac khéng ndm trén dweong Gang.
Sau khitinh toan tién do, cé D cong tac khéng Gang. Nhuw vay ta sé co cac bién sd cliabaitoanla X, i=1,2,...,D;
trong d6 X, 1a thovi gian bat dau thwe hién cha cong tac khéng Gang thiy i. Do X, chi dwoc thay ddi trong khoang thoi
gian gi¢i han béi thovi diém khéi sém (KS) va khéi mudn (KM) clia cong tac i, nén ta ¢ rang budc sau véi cac bién:
KS; < X; < KM, @)
trong d6: KS,va KM, |an lwot la thei diém khéi sém va khéi mudn cla cong tac i
(@ 3.Thuattoanlai ghép cho baitoan didu hoa nguén nhan lwc
Trong phan nay, thuat toan lai ghép tién héa cho bai toan diéu hda ngudn nhan luc sé duoc gidi thiéu chi
tiét. M6 hinh lai ghép tién héa cho bai toan diéu hoa ngudn nhan lwc dwoc trinh bay & Hinh 1. Cac bwédc clia mo
hinh dwoc gidi thich chi tiét & phan tiép theo.
DAu tién, thuat toan lai ghép
tién hoéa khéi tao quan thé sau do

céc ca thé sé duoc dua vao giai = = : Thuat toan lai ahé
oo ong i i (ompis oo [ eS| ]| (ke mge ]
phase). Tiép theo, qua trinh dét bién i -

va lai ghép cha thuat toan tién héa vi + | Tinh toan xéc sudt |
phéan duoc ap dung dé cai tién chat Tap hop cac quan thé | Laighép onlooker |
Iuicyng ?ﬂa cac c.:é thé;. Ké tiép'), v(?c tc: X1, 1, X1,2- » XD ] | »| [ Cap nhatong BLan&t |
xac suat dwoc tinh dé xem xét ca thé =

(ong) nao dugc phép vao giai doan [Xnp, 1, Xnp.2m > Xnpp | | Qua trinh scout |

ong khai thac (onlooker bee phase).
Nhirng gidi phap (ong) dwoc so sanh
dé lua chon gidi phap tét hon. Qua Sai
trinh ddt bién va lai ghép cla thuat
toan tién hoa vi phan lai dwoc ap
dung trong giai doan nay. Sau do,
thuat toan sé kiém tra xem nhing Thoi gian bét d4u clia cac
giai phap (ong) nao khéng dwoc cai &|  cong tac khong Gang
thién sé dwoc thay thé bang mét giai 6, Xs,~ ]

phap mé&i théng qua qua trinh ong do
tham (scout phase). Cudi ciing,
nhirng giai phap tét (ong) sé dwoc
gilr va khai thac trong qua trinh ong
tim kiém & vong lap tiép theo.
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Diéu kién dirng

Tién do da dwec toi wu

Hinh 1. Thuat toan lai ghép cho bai toan diéu hoa nguén nhan luc
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Thoéng sb dau vao: Trwac khi vao vong tdi wu cla thuat toan, ching ta can cung cap thong sé dau vao do
la théng tin dw an, bao gdm méi quan hé céc cong viéc, thoi gian thi cdng médt cong viéc, chi phi thue hién tirng
cong viéc va cac phwong an thi cdng cho mdi eéng viée. Hon niva, chiing ta cin cung cap céc théng sé cla thuat
toan téi wu nhw sé quan thé NP, sé lwong bién D, bién do dot bién F, xac suét lai ghép CR, gia tri gi&i han “limit”,
sb thé hé tdida G,,,, gia trinhd nhat LB va gia tri Ion nhat UB clia cac bién.

Khéi tao va tap hop quan thé ban dau: LGTH bat dau bang viéc khéi tao ngau nhién NP véc-to X, trong
khong gian D chidu. O day, X, dong vai trd la ca thé thir itrong quén thé NP ca thé, tai thé hé dau tién.

X0 = LB + rand[0,1] X (UB — LB) (5)
trong do: X, 1a ca thé i tai thé hé dAu tién; randf0, 1]1a ham phan b chuén trong khoang 0 va 1; LB va UB 12 gia tri
|&n nhét va gia tri nhé nhét ctia cac bién.

Lai ghép ong tim kiém: Sau khi khai tao quan thé ban dau, tai méi vong 13p qua trinh dét bién va lai ghép
cua thuat toan THVP dwoc ap dung.

VT = XA + F(X5 + X5) (6)
trong do: 11,172,153 € {1,2, ..., NP} |a ba sé nguyén duwoc tao nglu nhién khac nhau va khac i nam trong khoang [1,
NP); Fla bién dét bién dwoc lwa chon trong khoang F e [0,1].

Tiép theo qua trinh dot bién, qua trinh lai ghép dwoc ap dung nham lam da dang quén thé bang cach trao doi
cac thanh phan clia “véc to' me” va “véc to dot bién”. Qué trinh lai ghép sinh ra “véc to con” UF 1 = {uf, uff?, .., uft'}
trong d6 cac thanh phan véc to con dwoc xac dinh theo céng thire.

vi! néu (rand;[0,1] < CR hodc j = jrqna
xf 't khéc

CR € [0,1] |a xac suétlaighép; .., 1a sé nguyén dwong trong khoang [1; D].

G+1 _
o

(7)

u

Véc-to con U,,,, va véc-to me X . dwoc so sanh véi nhau. Néu véc-to con cé thé lam gidm gia tri ciia ham
muc tiéu so v&i véc-to me, no sé thay thé véc-to me. Qua trinh chon loc dwoc dién ta bang toan hoc nhw sau:

o 1= {Ui,c+1 khi f(Uig+1) < f(Xig) (®)

,G+1 —

X, khic

Tinh toan xac suat: Véc to xac suat dwoc tinh dé xem xét ca thé (ong) nao dwoc phép vao giai doan lai
ghép onlooker. Gia tri xac suat dwoctinh theo cdng thirc.

pi = fit; [ 2N fit (9)

Lai ghép onlooker: Chi cé nhitng c4 thé nao & dwoc théng qua phan tinh toan xac suét sé di vao phan
onlooker. Qua trinh lai ghép onlooker hoan toan twong tw nhw qua trinh lai ghép ong tim kiém.

Cap nhat nhirng con ong tét nhat: Nhirng ca thé (ong) tét nhat sé dwoc cap nhat vao quan thé (bay ong)
sau khi két thuc qua trinh onlooker. Nhirng ca thé mai sé thay thé vi tri clia ca thé ¢l néu no cho gia tri ham muc
tiéu tbt hon hodc bang giatrictiaca thé cltaora. Nguwgclai, ca thé cd sé duoc gitr lai.

Qua trinh ong Scout: Néu ca thé khong dworc cai thién sau mot sé vang Iap cho trwdc thi nd sé bjthay thé
béi mét ca thé méi theo cach tao ngdu nhién.

Kiém tra diéu kién dirng: O day, s6 thé hé tién hoa (G,,,) dwoc chon lam didu kién dirng. Qua trinh toi wu
hoa sé két thuc khi sb thé hé hién thei (g) vwot qua gia tri cdia G,,,,. Néu didu kién dirng chwa thda man, qua trinh
toi wu hdasétiep tucdiénra.

@ 4. Trweérng horp nghién clru

4.1 Gi&i thiéu cbéng trinh

Cong trinh nha xwéng 1&p ghép dwec stk dung lam triedng hop nghién clru trong bai bao nay. Dy &n nay
gdm 18 cong viéc, mbi quan hé cac cong viéc, théng sb vé thdi gian, nhan Iwc cla dw an dwocthé hiénd Bang 1.

4.2 Két qua tdi wu cua thuittoan LGTH

Théng sb d4u vao cho thuat toan THVP dwoc lwa chon dwa vao phwrong phap thir va cac dé xuét tir cac
nghién clru trivdc. SO lgng bién D phu thude vao sé cong viéc trong dw an. [14] va [15] dé xuat khoang lwa chon
cho cac théng sb dau vao cla thuat toan vi phan va bay ong nhan tao nhw sau: NP € [8D,10D];CR € [0,1];
Felo, ?] ; limit € [0.2Gyay, 0.4Gmay]. Trong nghién cteu nay D=18, sb lwgng ca thé trong quan thé 1a NP = 150,
xac suétlaighépla Cr=0.9, bién do dot bién F= 0.5 va gia tri gi®i han “limit” = 40. D& tranh s ngau nhién trong
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két qua, thuat toan téi wu hoa dwoc chay vai 10 1an. Két qua tdi wu cla thuat toan dwoc trinh bay & Hinh 2 va
thevi gian bat d4u cla cac cong viéc tim béithuét toan LGTH dwoc trinh bay & Bang 2.

4.3 So sanh kétqua

Dé& chirng minh tinh wu viét ctia thuat toan lai ghép, két qua ctia phrong phap duoc so séanh véi két qua
ctia phan mém Microsoft Project 2013, thwdng dwoc st dung dé didu ngudn nhan lwe. Trong nghién clru nay
thuat toan LGTH, cac thuat toan so sanh dwgc viét va chay trén phan mém Matlab 2016. Bang 3 trinh bay sw so
sanh nay. Y,., la nhan lyc lén nhat trong mot ngay, KB,,,, 1a sw khac biét Ién nhat gitra hai ngay lién tiép, tdng sw

max max

khac biét (TSKB) ngudn nhan lwc dwgc tinh theo cong thire (10).
n
TSKB =" 1yies = il (5)

trong d6: y, la nhu cau tai nguyén cia dw an tai ngay k; y,,, 1a nhu cau tai nguyén ctia dw an taingay k+1.
Bang 1. Dir liéu dw an nha I3p ghép

STT Tén cong viéc CV trwée Nhan Iwc | Théi gian
1 Khd&i dong - 0 0
2 Binh vi 1 5 1
3 Don dep mat bang 1 4 2
4 Dat hang g6 1l 3 2
& Dat hang cac vat liéu mai 1 3 2
6 San mat bang 3 5 3
7 Duwng cot 2,6 8 2
8 Lap dat 6ng gas ngam 6 6 4
9 DPuong éng nude ngdm 6 6 3
10 Lién két cau kién 4,7 5 4
1" Hé thong gas 8 3 3
12 Hé thdng nuéc 9 3 3
13 Hé thong mai 5,10 7 5
14 Hé théng twéng 8, 10 6 4
15 Lap clra 13, 14 4 3
16 Hé thong dién 11,12, 13, 14 4 5
17 Son toan nha 15,16 3 3
18 Don dep va ban giao 17 2 1
Before leveling Ater leveling

20

207 minl
 m—
Cre

10

00000 e L

2 4 [} 8 0 12 14 16 18 20 22 24 2 4 6 8 10 12 14 16 18 20 22 24

Resource demand
Resource demand

4]

Time
Hinh 2. Biéu dé nhén luc tru6c va sau khi didu hoa
Bang 2. Thoi gian bét déu ctia cac cong viéc Bang 3. So sénh két qua
CV | Tt | Tac | CV | Tot | Tac | CV | Tt | Tac . Tiéu chi danh gia
11117 ]|6]|6]13]|12]12 Két Qua F | Yoox | KBmax| TSKB
21186 |9 |[14]12]13 Tién d6 ban dau [1.3477| 20 | 15 | 55
3 1 1l 9 6 6 15 | 17 | 17 Microsoft Project|0.8939| 16 10 51
4 121088 ]16]17 17 THVP 08919 16 | 10 | 39
5 [ 1] a[1n]10[13]17]22]22 BONT 08919| 16 | 9 | 39
6 | 3|3 |12 9 [10]18]25]25 LGTH 08919 16 | 8 | 37

Ghi chu: T, Binh thuong, T, : Diéu chinh
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Tir Bang 3 chuing ta dé dang nhan thay két qua ngudn nhan lyc ctia dw an khi dung thuat toan LGTH cho
két qua tét hon chuwa tdi wu va hon ca phan mém Microsoft Project da tdi wu. Gia tri ham muc tiéu fcta LGTH
(0.8919) thap hon chwa tbi wu (1.3477) va Microsof Project da téi wu (0.8939). Phdn mém lam cho gid tri &n nhat
cla biéu dbd nhan lwc gidm tir 20 xudng con 16. Bén cach do phan mém ciing 1am cho s khac biét lén nhat trong
BENL (KB,,,) va tdng sw khac biét (TSKB) giam xudng dang ké. Nhw vay qua cac chitiéu so sanh cho thay LGTH
da lam cho biéu @5 nhan lyc vé& gan hon véi dang BEDNL ly twéng, 1am gidm thiéu dwoc mie bién déng nhu cu vé
nhan Iwrc hang ngay ctia dy an.

(® 5.Kétluan

Nghién clru nay ap dung thuat toan lai ghép tién héa cho viéc diéu hda ngudn nhan luc trong tién dé dw an.
M6 hinh dé xu4t gitip ha th&p nhu cau tai nguyén hang ngay clia dw an va gitp lam gidm sw bién déng clia nhu cau
ngudn tai nguyén. Biéu nay co ¥ nghia Ién va mang lai hiéu qua cao trong tién do dw an. Két qua thwe nghiém cho
théy thuat toan LGTH mang lai két qua virot trdi hon so véi phan mém Microsoft Project.

Nghién clru nay chi xem xét mét loai tai nguyén la nhan lwc va gia dinh rang ngudn lwc nay cé cling cap dé
nang lwe. Vi vay, cin nghién ctru thém dé xay duwng mot mé hinh téi wu nham giai quyét sw can bng da tai nguyén
v@i nang lwc khac nhau. Cac yéu té tai nguyén co thé khac nhw may moc, thiét bi, vat liéu cling nén dwoc xem xét
t6i wu ddng thoi.

Hwéng phat trién trong twong lai 1a ap dung va cai thién thuat toan LGTH cho cac bai todn xay dwng khac
nhuw rit ngén thevi gian dw an can nhic ngudn tai nguyén bi giéi han, t&i wu ngudn nhan lwe trong nhidu dw an.

L&i cam on: Nghién clru nay duoc tai tro béi Trwdng Dai hoc Bach khoa - Dai hoc Ba Néng; ma s B2016-
DNO02-09.
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