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Toém tat - Bén canh tiéu chi chat lwgng, thdi gian va chi phi la hai
yéu t6 tién quyét trong viéc xac dinh s thanh cong clia mét du
an xay dwng Tuy nhién, hau hét cac dw an xay dung gan Ilen voi
nguon von dau tw hay chi phi bj gi¢i han. Thuc té cho thay rang,
rat ngan thoi gian thwe hién dw an véi chi phi xac dinh ban dau
s& mang lai hiéu qua cao. Vi vay, téi wu héa tién d6 va chi phi
déng vai trd vé cung quan trong dbi véi thanh céng cta moét du
an xay dwng. Bai bao nay d& xuat mé hinh téi wu héa dwa trén
thuat toan tién hoa vi phan dé giai quyét bai toan t6i wu thoi gian
va chi phi. Md hinh @& xuét dwoc kiém ching thdng qua mot dy
an nha dan dung. Két qua tinh toan la cac giai phap ti wu gitp
cac nha quan ly co cac gidi phap phu hop. Bén canh dé, két qua
tinh toan thé hién dwoc hiéu qua cla thuat toan di truyén khi so
sanh v@i cac gidi thuat khac NSGA-Il va MOPSO.

Tw khéa - quén Iy xay dwng; tién do; thoi gian; chi phi; vi phan
tién héa.

1. Pit van dé

Thoi gian va chi phi gén bo chit ché va trong hd véi nhau
trong cac du an xay dung. Thong thuong, rit ngin thoi gian
thi cong di lién voi viée tang chi phi thuc hién ctia dy an. Do
do, kha nang t6i uru dong thoi hai yéu tb thoi gian va chi phi s&
quyét dinh su thanh cong cua cac cong ty xay dung trong sur
canh tranh khoc liét voi cac ddi thu. Vi vay, t6i uu viée can
bang hai yéu t& nay 1a vin d& cuc ky quan trong dbi véi véi
cac nha quan ly xay dung. Trong thoi gian qua, nhiéu phuong
phap da duoc daé xuat dé t6i wu bai toan thoi gian va chi phi
bang cach chon céc tb hop cac phuong an thi cong t6i wu cho
cac cong viéc. Cac phuong phap nay bao g@)m: Phuong phap
tim kiém (Heuristic-based approaches) [1]; Phuong phap quy
hoach toan hoc sir dung céc chuong trinh nhur quy hoach tuyén
tinh (linear programming) [2]. Nhiéu ndm qua, cac nha khoa
hoc trong nude va qubc € da sir dung cac thuat toan dua trén
nén tang tién hoa (evolutionary-based optimization algorithm).
Trong d6, Luan and Nhan [3] nghién ctru tng dung thuét toan
thudt toan dan kién — Ant Colony Algorithm nhim i wu thoi
gian va chi phi cho du an xay dung. Trang [4] xay dung phén
mém WinQSB t6i wu thoi gian va chi phi cua pham ngam du
4n Nha diu hanh Dién lyc Da Ning. Feng va cac dong nghiép
[5], Li va cac cong su [6] dé Xuat Ung dung thudt toan di
truyén va phuong phap mién t01 vu dé giai quyet bai toan thoi
gian chi phi. Yang [7] phat trién thudt toan bay dan t6i wu da
muyc ti€u. Ng and Zhang [8], Afsh va cac cong su [9] dua ra
thuat toan da muc tiéu dua vao thuat toan dan kién dé t5i uu
bai toan thoi gian chi phi.

Thuat toan tién hoa vi phan — Differental Evolution

Abstract - Along with quality criteria, time and cost are two crucial factors
playing an important role in the success of a construction project.
However, a number of current construction projects are related with the
limitation of the budget or financial source. In construction industry,
reducing the implementation time of the project without increasing the
budget will be considerably beneficial for the owners. Therefore, trade-off
optimization between time and cost is essential for the improvement of
benefit of construction projects. This study presents a novel optimization
model named Multiple Objective Differential Evolution (MODE) algorithm
to deal with the time-cost trade-off problems. A numerical case study of an
apartment project is used to illustrate the application of MODE. The
research result shows that non-dominated solutions generated by MODE
assist project managers in choosing appropriate plans. In addition, the
sufficiency of the proposed optimization algorithm, MODE, is verified by
comparing the solutions of this model with those of other commonly-used
optimization algorithm including Non-dominated Sorting Genetic Algorithm
(NSGA-II), Multiple Objective Particle Swarm Optimization (MOPSO).

Key words - construction management; scheduling; time; cost;
differential evolution.

(THVP) 14 thuat toan tién hoa rat hiru hiéu cho viéc giai
cac bai toan tdi wu toan cuc. THVP di dugc ching minh
1a hi¢u qua va hoi tu nhanh trong viéc gidi bai toan don
muc tiéu [10]. Nhimg diém manh cta thuat toan THVP da
dugc nhiéu nha nghién ctru ap dung dé giai bai toan da
muc tiéu, v6i nhiu cong b minh chimg sy vuot trdi clia
thuat toan THVP [11]. D6 1a dong luc dé cac tac gia phat
trién thudt toan t6i wu da muc tiéu trong nghién ctu nay
va ap dung giai bai toan ti wu thoi gian va chi phi.

2. Bai toan cn bang yéu t6 thoi gian va chi phi

Mot du 4n duoc thé hién ¢ so dd mang G = (A4), trong
d6 cac cong viéc dugce thé hién & trén cac nuat cua so dd
mang. Céc cong viéc dugc danh sbtr1 dnN. P la tap
hop tAt ca cac cong viéc trong du an. Mbi cong viéc /€4
¢6 nhiéu phuong 4n thi cong. Mdi phuong 4n thi céng déu
c6 thoi gian thi cong 1a T; va chi phi Ci. Van dé dit ra cho
bai toan cén bang thoi gian va chi phi ctua du 4n 1a lya
chon cac phuong 4n thi cong dé dua ra mot td hop
phuong an thi cong cua cac cong viéc don ¢, nham rit
ngan thoi gian va chi phi cho toan dy an hiéu qua nhét.
Yéu t6 thoi gian va chi phi duge tinh toan nhu sau:

a. Tinh thoi gian hoan thanh
Muc tiéu du tién 1a rat ngén thoi gian dy an dugc thé
hién theo cong thure (1):
!
T=>T =Max,/(ES,+d,) (1)

n=1

ES, = Maximum (ES,+d,))

all predecessors m of n
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Trong d6, T,la thoi gian thyc hién cua cic cong viéc
n {n=12,..,10} trén duong Ging; / 1a tong so6 cac cong viéc
trén duong Grantt; £S1a thoi gian khoi sém clia cong viée #;
d, 1a thoi gian thyc hién cua cong viée n. Mot cach tong quat,
tong thoi gian cua du an dugc tinh dya trén moi quan hé
cong viéc va thoi gian cua cac cong viéc. Thong tin du an
xac dinh moi quan hé cong viéc va sy lya chon phuong an
thi cong xac dinh thoi gian thuc hién ctiia cong viée.

b. Tinh toan chi phi cia dy an

Téng chi phi cia mot du 4n bao gdm chi phi truc tiép,
chi phi gidn ti€p va chi phi do sy cham tre. Chi phi gidn
tiép tinh theo thoi gian hoan thanh du 4n. Theo yéu cau
cua hop dong, cac nha thau s& chiu mot phan chi phi do
cham tr€ thoi gian hoan thanh.

Muc tiéu thir hai 14 giam thiéu chi phi cong trinh:

N
C=>(DCY +IC’ +TC}") )
i=1

Trong do, DC,,IC, ,TC lan luot 1a chi phi truc tiep,
chi phi gian ti€p va chi phi chdm tré ctia ting cong viéc,
N 1a tong so cong viéc trong dy an.

3. Thuit toan tién héa vi phin da muc tiéu cho bai
toan thoi gian va chi phi (THVPPMT-TC)

Trong muc nay, thuat toan tién hoa vi phan da muc
titu (THVPDMT) dugc trinh bay mot cach chi tiét.
THVPDMT la thuat toan tdi wu c¢dt 16i trong mé hinh tdi
uu thoi gian va chi phi. THVPDMT dugc phat trién dua
trén thuat toan vi phan ma dwoc dé xuit boi Storn and
Price [11]. M6 hinh ti wvu hoa thoi gian va chi phi duogc
trinh bay ¢ Hinh 1.

3.1. Khai bdo thong sé va khéi tao quan thé

Nghién ciru nay can nhéc hai yéu tb thoi gian va chi phi
trong mot du an dugc tdi wu dong thoi. Do do, thong s dau
vao ciia md hinh can thiét d6 1a thong tin du 4n, bao gdm
mdi quan hé cic cong viéc, thoi gian thi cong mot cong
viéc, chi phi thue hién timg cong viée va cac phuong an thi
cong cho moi cong viéc. Hon nira, chung ta can cung cap
cac thong s6 cua thuat toan t81 uu nhu s6 quan thé NP, bién
thiét ké D, sb lwong ham muc tiéu M, bién do dot bién F,
xac suét lai ghép C, s6 thé hé t6i da Gax, gia tri nho nhit
LB va gia tri 16n nhat UB cua cac bién. Véi cac thong sb
dau vao nhu trén, thuat toan t6i wru s& tién hanh tinh toan tuy
dong dé tim ra cac to hop phuong an thi cong cua cac cong
viéc trong dy 4n nham tdi wu hai yéu 6 tién do va chi phi.

Khoi tao quan thé ban dau 1a cong viéc quan trong ddi
v6i bat ky thuét toan tién hdéa nao. Quan thé trong thuat
toan THVPDMT dugc khdi tao mot cach ngau nhién theo
cong thue (3):

X; ;=LB;+rand[0,1]x

(j=1,...D;i=1,..,NP)

Trong d6 LB; va UB; 1a gia tri nhé nhat va 16n nhét cia
bien thtr j*; rand[0,1] 1a ham phan bo chuan trong khoang
0 va 1; X;, phan ti tht i va j trong quan thé ban dau.

(UB, - LB)); 3

Mot giai phap tiém ning cua bai toan thoi gian - chi
phi dugc trinh béy theo mot vector bi€u dién trong (4):
X =[X sees Xp o X ] 4

11’

Trong d6 D 1a s6 bién thiét ké cua bai toan dang t6i
uu, s6 bién nay trung voi s6 lugng «cong vige trong mot dyr
an. Tham sb i ky hiéu 14 thanh phan thér i trong quin thé.
Véc to Xj cho biét sy Iya chon mot phuong an thi cong
cta cong viée /. X la mot s6 nguyén trong khoang [1, M;]
(=1 dén D), cho biét mot phuong an thi cong trong tong
s0 phuong an M;. Vi thuét toan THVP hoat dong v6i s6
thuc, can mot ham dé chuyen ddi tir bién thuc sang bién
nguyén trong mién kha thi nhu phuong trinh (5).

X, =Ceil(rand[0,1]xUB())) (5)

Ceil 1a ham dé 1am tron s6 thuc ve sO nguyén 16n hon
hodc bang chinh noé.

Théng s6 dau vao cia dy dn
va thut toan THVP :

A

Tap hop céc quan thé NP
[Xi,1, X125, X1,0 ]
[Xxp, 1, Xnp, 2, Xae,p ]
Thoi gian
- Tép toi
Thuit todn i wu ° ’
~ 1A [ ]
: Dot bien : °
Lai ghép °
LX) Chi phi
| Chon loc | Se

Hinh 1. M6 hinh t6i wu thoi gian va chi phi bang THVPPMT

3.2. Djt bién

Sau khi khoi tao quﬁn thé ban dau, tai mdi vong lap
thuat toan THVP ap dung qua trinh dot bien dé khai pha
khong gian tim kiem, lam rgng vung tim kiém. Moi véc to
X ,.G o theé h¢ hién tai G dugc goi 1a mot “véc to me”. Poi
v&i mdi “véc to me”, mot “véc to dot bién” dugc xac dinh
theo cong thirc (6):

Vol = XS+ F(XS-X5) (6)

Trong do, 1;, 1,1, €{1,2,..., NP} laba $0 nguyén dugc tao
ngau nhién khac nhau va khic i nim trong khoang [1;NP]; F
la bién dot bién dugc lya chon trong khoang F' €[0,1].
3.3. Lai ghép

Tiép theo qua trinh dot bién, qua trinh lai ghép dugc
ap dung nham lam da dang quan thé bang cach trao doi
cac thanh phan cta “véc to me” va “véc to dot bien”. Qua
trinh  lai  ghép sinh ra “véc to
UG . lGI, ,G 2+ 1, G+1} trong d6 cac thanh phan véc to
con dugc xac dinh theo cong thuc (7):

‘ v if (rand [0,) < CR o j =},
G+l ran
W, =3 ¢ (7
X, khac
CR c[0,1]1a x4c suat lai ghép;
duong trong khoang [1; D].
3.4. Chon lgc
Thay thé qué trinh chon loc 1a mdt trong nhimg viée
quan trong nhat trong thuét toép da muyc ti€u, boi vi chon
loc cén than s€ cho ra nhiing thé h¢ tot. Nghién cltu nay su

ER)

con

Jwa 12 8O nguyén
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dung qué trinh chon lgc dé xuit bai Ali va cac cong su
[22]. Trong qua trinh ndy, dau tién danh gia ca thé “véc to
con” UF*!, sau d6 so sanh véi ca thé “véc to me” X ¢. Néu
c4 thé “Vec to con” vuot trdi ca thé “véc to me”, n6 s& thay
thé 1ap tirc c4 thé “véc to me” trong quﬁn thé hién tai, va ca
thé “véc to me” s& dua vao quan the ngoai. Nguoc lai ca
thé “véc to con” s¢ duoc dua vao quan thé ngoai. Hai quan
thé hién tai va quan thé ngoai duoc gop voi nhau sau moi

vong lap. Tong sb ca thé trong quan thé tdng 13 2NP.

_Trong sudt qua trinh t6i uu hoa, sb lugng cé thé trong
quén thé 1a khong dbi - 1a NP. Do d6, NP ca the s€ duogc
chon loc tir t& hop ca thé. D6i v6i thuat toan tdi wu don
muc tiéu, giai phap t6i wu 1a giai phap cho ham muc tiéu
dat gié tri tdt nhét. Tuy nhién, trong thudt todn da muc
tiéu phuong phap hai gidi phap khong vuot trdi (a two-
solutions dominance approach) dugc su dung [13]. Vi
vdy, nghién ctru nay sir dung phuwong phap sip xép giai
phap khong vuot trgi [14] va phuong phap dam dong
entropi. Hinh 2 mo t& qua trinh chon Igc.

Phuong phép sap Phuong phép dam
xep dong entropi

Qufm
thé hién Lop2 f— — — —

tai
| Quanté | =N ||
Tong hop Lop 4

Quan Tops
ngoai

Quén thé

Hinh 2. Qua trinh chon loc
3.5. Diéu kign dirng

Qué trinh t6i wu hoa két thic khi ma didu kién dimg
duoc thoa man. biéu kién dirng thuong duoc su dung la
s6 vong lap t6i da hodc 1a sé 1an danh gi4a ham muc tiéu.
Trong mo hinh d& xuat, chung t6i sir dung s6 vong lap tdi
da. Khi diéu kién dimg cia thuat toan thoa min thi cac
giai phap ti wu s& dugc dua ra.

Hinh 3. So dé mang cua dy an

Bing 1. Théng sé ciia du én

27 | Hé théng théng gi6 ting2 | 3 30 2 37
28 | Hé théng TV va dién thoai | 2 70 1 84
29 | Xay cau thang 3 30 2 41
30 | Khung cura 4 50 3 59
31 | Lap cuasd 5 10 4 14
32 | Lop tAm che mai 4 70 2 100
33 | Nai thit 4 | 400 3 | 435
34 | Hoan thién ngoai nha 2 100 1 121
35 | Lap cura ngoai 2 70 1 80
36 | Tran treo hanh lang 2 20 1 22
37 | Lan can 3 30 2 39
38 | Vin cau thang 3 20 2 25
39 | Heé théng cach nhiét 3 60 2 70
40 | Tuong phan cach 8 50 5 70
41 | Trai tham va cach am 4 80 2 100
42 | Kiém tra va ban giao 2 15 1 20

TT Tén cong viéc Binh thuong | Khan truong
T C T C
1 | Cong tac chuan bi 2 10 1 15
2 | Lip dat van khuon 3 50 2 70
3 | Kéo hé thong nuéc 3 2 2 3
4 | Kéo dién 2 5 1 7
5 | Hé thong cong ranh 3 20 2 25
6 | San mit bang 1 40 1 40
7 | Lép chdng tham 1 50 1 50
8 | Coéng tac ct thép 3 150 2 190
9 | D6 bé tong 2 50 1 75
10 | Thao vén khuén 1 10 1 10
11 | Khung ting 1 5 | 500 3 580
12 | Hé thong nudc ting 1 3 55 2 65
13 | Dim tang 2 2 120 1 135
14 | San tang 2 1 80 1 80
15 | Khung tang 2 5 500 3 580
16 | Hé thong nuéc tang 2 3 30 2 35
17 | Do bé tong lien két ting2 | 3 40 2 50
18 | Dién tang | 3 55 2 65
19 | H¢ thong thong gid tang 1 3 30 2 40
20 | Hé két cau mai 3 | 300 2 [ 330
21 | Tudng thu hoi 2 40 2 40
22 | Trén treo méi 3 60 2 70
23 | Hé thong ciru hoa 2 | 130 1 150
24 | Lap tam che bao tang 1 2 70 1 90
25 | Lap tam che bao tang 2 3 70 2 85
26 | Dién tang 2 3 55 2 68

Ghi chii: T: Thoi gian (Ngay); C: Chi phi (Triéu dong)

4. Trudong hgp nghién cuu

M5 hinh t6i vu hoa da muc tiéu & trén dugc ap dung
dé t6i wu tién do va chi phi cia mot du 4n nha dan dung
thuc té. Két qua tinh toan t6i wu s& dugc so sanh véi thuat
toan di truyén va thuat toan bay dan da muc tiéu. Dy an
nay gom 42 cong viéc, mdi cong viéc s& co hai su lya
chon trong phuong an thi cong 14 theo ché d6 binh thudng
hodc ché do khéan truong. So dd mang cua dy an dugc thé
hién ¢ Hinh 3. Phuong 4n thi cong, cling véi cac gid tri vé
thoi gian thi cong va chi phi cta cac cong tic duoc thé
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hién ¢ Bang 1. Véi hai phuong an thi cong cho mdi cong
tac trén tong s6 42, c6 thé tao ra hang triéu t6 hop (2°42).
Didu nay 1a khong thé giai bang phuong phap liét ké.
Thuét toan THVP duoc dé xuit dé ap dung dé giai quyét
bai toan nay.

4.1. Két qua téi wu ciia thugt todn THVPPMT-TC

Thoéng s6 dau cho thuat toan THVPDMT-TC duoc lya
chon dua vao phuong phap thu va cac dé xuat tor cac
nghién ctru trude [11]. S6 luong ca thé trong quin thé 1a
NP =100, xac sudt lai ghép 1a G, = 0.9 va bién 4o dot bién
F = 0.5. Bé tranh sy ngu nhién trong két qua, thut toan
t6i wu hoa duoc chay véi 10 1an. Mot tap téi uu dién hinh
duoc biéu dién ¢ Hinh 4. Hinh 4 thé hién rd mbi quan hé
thoi gian va chi phi va no gitp nguoi ra quyét dinh danh
gia dugc mot cach hidu qua timg giai phap toi wru. Bang 2
tong hop mot s6 giai phap dién hinh dugc 1ay ra tir tap toi
uu. Gidi phép 1 dua ra thoi gian hoan thanh dy 4n 14 sém
nhét, giai phap 3 dua ra chi phi thap nhit dé hoan thanh duy
an, trong khi giai phap 2 dua ra giai phap can bang gitra hai
muc tiéu 13 thoi gian va chi phi. Ngudi quan 1y ¢6 thé dua
vao tinh hinh thyc té, tai chinh va cac van d& lién quan dé
dua ra su lya chon phu hop nhat. Néu nguoi quan 1y can
hoan thanh duy 4n sém, thi giai phap 1 14 t6i wu. Néu nguoi
quan 1y can nhéc vé tai chinh thi giai phap 3 14 t6i uu.

4100 Tap t0| uu

4000

3900

3800

Chi phi

3700

380%

Thdi gian
Hinh 4. Tdp 16i wu ciia thudt toan THVPDMT
Bing 2. Cdc gidi phdp t6i wu dién hinh

So sénh cac thuét toan
4200 - Lt e e e
; H * THVPOMT
410055 S o peceas + BDOMT

o im0 _ ™ SXKVTDT |;
4000} 8. a |
e L
= .
L
0 P
LS S
LI SRS
; i
o 40 45 50 55

Thai gian
Hinh 5. Tap 16i wu ciia cde thudt todn so sanh

Hinh 5 trinh bay céc tap ti uu ma cac thut toan so
sanh dat dugc. T Hinh 5 cho thdy ring thuat toan
THVPDMT vuot trdi hon cac thuit toan so sanh thong qua
s6 lugng cac giai phap tdi wu dat dwoc va cac giai phap
duogc phan bd déu va rong hon. Dé danh gia thém hiéu qua
ctia thuat toan dé& xuit, mot vai chi sé danh gia dinh lugng
cua cac thuat toan t6i wu da muc tiéu dugc ap dung.

Cach danh gia d6i voi cac thuat toan da muyc tiéu 1 phirc
tap hon nhiéu so véi cac thuat toan don ‘muyc tiéu. C6 ba van
dé can dugc can nhéc: (1) su hoi tu vé tap toi uu; (2) bao
dam sy da dang trong tap t6i wu; (3) su phan b6 10ng mién
bién ctia tap toi wru. Co nhiéu danh gia dugc dé xut trong cac
nghién ctru trude va duge phan ra thanh ba ti€u chi co ban 1a
su chinh xac, da dang va phan b6 rong [14]. Trong nghién
clru ndy, ba tiéu chi co ban dugc ap dung dé so sanh.

1. C-metric (C): Thong s6 ndy duoc sir dung de kiém
tra khi ma ching ta khong biét tap. t6i wu tot nhat.
S,,S, < Sla hai tap hop cac giai phap tdi uu cua hai thuat
toan duoc so sanh.

|{a2 €S,;da, €8, 1 q Sa2}|
5.]

T s6 trong cong thirc (8) cho biét sé lugng giai phap
trong S> bi vuot troi boi it nhat mot giai phap trong S;, va
mAu sé biang tong sé giai phap trong S». Bang 3 trinh bay
két qua so sanh giita cic thuat toan theo chi sb C-metric,
trong d6 A1, A2, A3 lan luot 1a 1a THVPDMT, BDDMT,
SXKVTDT. Két qua cho thay thuat toan THVPDMT vuot
troi hon 82% so vai thuat toan BDPPMT, 89% so vai thuat
toan SXKVTDT theo tiéu chuén trung binh.

Bing 3. So sanh theo chi sé6 C-metric ciia cdc thudt todn

C(SpSz) =

®)

GP T C Phuong an thi cong cua cac cong viéc
{36 | 067 1 T taa e 22]
o B . .11» 12 12 12 .11. 12 .11. .11. 12 .11. 12 .11. 12 .11. .11. .11..21 . .11..21..22].2.
il ! .11» .11- .11- .11- .11. .11. .11. .11. .11. .11. .11. .11. .11. .11. .11. .11. .11. .11. .11. .11]. -

4.2. So sdanh két qud va phan tich

Két qua toi uu tir thudt toan THVPDMT duoc so sanh
v6i thuat toan sip xép khong vuot trdi di tmyen I [13] va
thuat toan bay dan da muc tiéu [7]. De so sanh duoc cén
bang, tAt ca cac thuat toan déu su dung s6 ¢4 thé 1a 100 va sb
vong lap t6i da 1a 200. Cac théng sb dau vao cho cac thuat
toan dugc dat nhu sau: Déi véi giai thuat sép xép khong vuot
trdi di truyen II (SXKVTDT-II), xac suit lai ghép 1a pe=09
va x4c xuét bién doi 1a pm =0.02 (1/n), trong d6 n 1a s6 5 bién
[13]; d6i voi thudt toan bay dan da myc tiéu (BDPMT), hai
hé s6 hoc tap ¢;, c2déu chon 14 2 va hé sé quan tinh w duoc
chon trong khoang 0.3 dén 0.7. Tat ca cac thuat toan déu
duoc chay 10 1an dé so sanh két qua.

Chisé | C(A1,A2) [ C(A2,A1) | C(A1,A3) | C(A3,A1)
Tot nhat 1.000 0.579 1.000 0.263
Yéu nhat 0.389 0.000 0.429 0.000

Trung binh 0.818 0.163 0.891 0.070
Léch chuan| 0.251 0.226 0.198 0.114

2. Spread (SP): Chi s6 nay do su phan bd rong va déu
cua tap toi vu ma thuat toan dat dugc [14]. Cong thirc tinh
toan dugc thé hién nhu trong (9):

z d(E Q)+ZXEQ‘d(X,Q)—E‘

> d(E, )+ -k)d
Trong do6 Q 1a tap giai phap, |Q|la s6 luong giai phap
trong tdp Omega. (£,,..., E, )la cac diém bién trong tap toi
wu. d(X,Q)= min [F(X)-F(Y)| 1a khoang cich nho
nhit tur giai phap X dén cac giai phap gan no.

©)
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gzi Zd(X’Q) gia tri trung binh cia tAt ca cac gia tri
XeQ

d(X,€). Gia tri SP cang nho chiing to sy phan bb trong tap

giai phap 1a déu. Bang 4 trinh bay gia tri so sanh v¢& chi s6

Spread d{)i V(')"i cac thuat toan. Thuat toan THVPDMT dat

két qua tot nhat.

Bing 4. So sanh theo chi sé Spread ciia cdc thudt todn

Chi sé Al A2 A3
Tét nhat 0.481 0.604 0.642
Yéu nhét 0.848 1.077 1.931

Trung binh 0.672 0.803 1.470
Léch chuan 0.131 0.153 0.574

3. Hyper-volume (HV): Chi sb nay tinh thé tich ctia hinh
bao boi cac giai phap khong vuot trong tap. V& mit toan hoc,
mdi gidi phipX; € Q 14 mot hinh 1ap phuong v, duge xay
dung dya vao véc to tham thdo W va X; 1a & mét dinh cia hinh
lap phuong. Cong thire toan hoc sau ding dé tinh HV:

o
HV =Jv (10)
i=1
Bing 5. So sanh theo chi sé HV ciia cdc thudt todn
Chi sb Al A2 A3
Tt nhit 1.000 0.714 0.364
Yéu nhét 0.449 0.303 0.149
Trung binh 0.810 0.551 0.214
Léch chuén 0.113 0.047 0.120

Sau khi tiéu chudn hoa, cc gia tri HV sé thudc khoang
[0,1]. Bang 5 trinh bay gi4 tri so sanh vé chi sb Hyper-
volume d6i véi cac thuat toan. Thuat toan THVPDMT dat
két qua tbt nhat.

5. Két luan

Ti wu hoa thoi gian va chi phi 14 mot vin dé rit quan
trong trong xay dung, gilra thoi gian hoan thanh xay dung
cong trinh va chi phi toan b céd mdi quan h¢ chat ché.
Hoan thanh du 4n dung thoi han véi chi phi thdp nhét s&
mang lai nhitng két qua to 16n v& kinh té va chinh tri.
Nghién ciru ndy dé xuét thuat toan vi phan tién hoa da
muc tiéu dé giai quyét bai toan thoi gian va chi phi trong
cac du 4n xay dyng. Dua vao két qua nghién ctru va thuc
nghiém, cic tac gia dua ra cac két luan sau:

e MO hinh tinh toan dua trén thuat toan THVPDMT
12 mot cong cu hidu qua dé giai quyét bai toan thoi gian
va chi phi trong cac du an xay dung.

e Thuat tooan THVPDMT tao ra cac giai phap khong
vuot troi tdt hon so v&i cac 16i gidi cuia cac thuat toan
duogc st dung dé so sanh. Tap tdi wu tao ra bodi thuat toan
dé xuét cung cdp nhing thong tin hitu ich, giup cho cac

nha quan 1y du 4n dwa ra cac quyét dinh nhdm t6i uu hoa
thoi gian va chi phi ciia dy an xay dung.

e Thuit toan dé xuét hoi ty nhanh, phéan bd déu va da
dang céac giai phap khong vuot tri khi so sanh voi cac
thuat toan SXKVTDT-II va BDBDMT.

Thuat toan dé xuat 1a don gian, d& sir dung va khong
giéi han vé s6 luong bién va s6 lugng ham muc tiéu. Do
vdy, trong cic nghién ciru tiép theo ching ta c6 thé ap
dung thuét toan nay dé giai quyét cac bai toan ti wu trong
linh vuc xay dung nhu bai toan diéu hoa ngudn nhan lyc,
bai toan rut ngén thoi gian hoan thanh cong trinh cé can
nhic nguén luc bi giéi han.
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