Tap chi Khoa hoc Cong nghé Xay dung NUCE 2019. 13 (1V): 56-65

TOI UU CAN BANG THOI GIAN CHI PHI TRONG TIEN PO
CAC DU AN CO CONG TAC LAP LAI

Tran Pic Hoc™*

4Khoa Ky thudt Xdy dung, Truong Pai hoc Bdch khoa TP. H6 Chi Minh,
268 Ly Thuong Kiét, qudn 10, TP. Hé6 Chi Minh, Viét Nam

Nhdn ngay 14/02/2019, Sita xong 29/03/2019, Chdp nhdn ddng 29/03/2019

Tém tit

Céc vén dé chi phi thoi gian trong du 4n lip di lidp lai da dudc xdc dinh 1a yéu t6 quan trong clia qué trinh
ra quyét dinh. C4c tién do ctia du 4n hién nay déu st dung phuong phap so d6 mang niit PDM (Precedence
Diagramming Method) ¢6 hai diém gi6i han d6 la (1) gia thiét cac cong tac 1a tuyén tinh; ) mbi quan hé dugc
thé hién & thoi diém bat diu va két thic. Bai bdo nay dua ra mot phlIOng phép tinh toan tién do st dung ham
phan phdi cho cac du 4n xay dung c6 quan hé thi tu giita cdc cong tic gan lién tuc va san xuat theo dang khong
tuyén tinh. Nghién ctiu ndy trinh by mot thuat todn sinh hoc cong sinh tim kiém tu diéu chinh da muc tiéu
(AMOSOS) d€ giai quyét bai toan can bang chi phi thoi gian trong cdc du 4n c6 cong tac lip lai. Mot vi du dugce
st dung d€ dién dat phuong phdp tinh toan tién do, ciing nhu dé chiing minh kha niing ctia AMOSOS trong viéc
ti uu thoi gian chi phi clia cac du 4n c6 cong tac lip lai.

Tir khod: tién do; thuat todn tién héa; thdi gian — chi phi; da muc tiéu.
OPTIMIZING TIME-COST TRADEOFF IN REPETITIVE PROJECT SCHEDULING
Abstract

The time-cost problems in repetitive project have been identified as crucial factors of decision-making process.
Almost currently used repetitive project scheduling are the precedence diagramming method (PDM) which
has two fundamental limitations (1) assumed to progress linearly from their start to their finish; (2) connected
only via their end points. The paper proposes a scheduling method using singularity function for continuous
precedence relations and nonlinear activity-time-production functions. This study further presents an adaptive
multiple objective symbiotic organisms search algorithm (AMOSOS) to solve time-cost tradeoff in repetitive
projects. An application example is analyzed to validate the scheduling method, as well as to demonstrate the
capabilities of AMOSOS in optimizing time-cost tradeoffs in repetitive construction projects.

Keywords: scheduling; evolutionary algorithms; time-cost tradeoff; multiple objectives.
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1. Giéi thiéu

VAan dé t6i uu héa cin bang ddng thdi chi phi va thdi gian trong qua trinh lap k& hoach thi cong
xdy dung thong qua viéc lua chon phuong 4n t6 doi thi cong 1a mot trong nhiing nhiém vu quan trong
ctia nha quan ly du dn. Thong thuong, thdi gian du an ngin sé phat sinh chi phi xdy dung cao va ngudc
lai. Mot cong ty xay dung c6 kha niing gidm thi€u dong thoi c4 thai gian va chi phi du 4n c6 thé c6 1oi
thé dang ké so vdi cac dbi thi canh tranh. Cé nhiéu phuong phap di dugc dé xuit dé gidi bai todn cin
bing tién dd, chi phi tir khi phuong phap dudng ging dudc phat trién. James E. Kelley and Walker
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[1] tién phong trong viéc dung phuong phap todn hoc d€ gii bai todn thdi gian chi phi. Sau d6 céc
phuong phap khac nhu heuristic, md phdéng toan hoc, thuat toan tién héa dudc dp dung d€ giai quyét
vén dé tdi uu thdi gian chi phi.

Céc du 4n c6 cong tic lap lai (RP) thudng gdp trong thi cong xay dung, su lip lai c6 thé 1a do dic
diém hinh hoc va vi tri din dén su phan chia cdc phan khu (zone). Cac du 4n c6 cong tac Lip lai c6
thé dugc phan thanh hai nhém: (1) cdc du 4n ldp di lip lai do su lip lai théng nhit ctia mot cong viéc
trong sudt cic du 4n (nhiéu ngo6i nha tuong tu, nha cao tang); (2) cdc du an lip di Lip lai do cAu tao
hinh hoc ctia chiing (dudng cao téc, dudng ham, dudng dng). Du 4n lip lai thudng yéu cau tai nguyén
(vi du: Nhan cong) thuc hién cing mot nhiém vu & nhiéu phan khu (dia diém, phan khiic) khic nhau
bing cach chuyén tit phan khu nay sang phan khu tiép theo. Nhiéu phuong phéap da dugc dé xuét dé
lap tién do cho cac du 4n xay dung c6 cong tac lip lai.

Phuong phép dudng ging c6 hai diém gidi han d6 1a (1) gia thiét cic cong tac 12 tuyén tinh; (2)
mdi quan hé dudc thé hién & thdi diém bat dau va két thiic. Thuc té, gia dinh han ché nay hau nhu
luon khong chinh xac [2]. Vi du, trong thi cong xiy dung dudng 6ng, téc do thi cong duge do doc
dudng, tbc do thi cong nhanh néu do6 sau ctia rinh giam va cham lai néu do sau cla ranh ting. Do do,
mbi quan hé giiia thoi gian va khéi ludng cong viéc 12 phi tuyén (Hinh 1a). D6i véi gia thuyét tha 2
vé phuong phap dudng Ging, Hinh 1b, cho thiy mdi quan hé giita cong tac A (tuyén tinh) va cong tic
B (phi tuyén) 1a vi pham mbi quan hé & thai diém bat dau va két thiic.

Khéi lugng Khoi luong
o i don vi
cong viéc ' ( 1) Cama
A CongticA:  Cong tac B: Phi tuyén Lap dat éng
30 4 Tuyén tinh (tdng ndng suat) 30 Cong tac A: FE+2
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20 . 20 Thoi gian
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} — > e >
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(a) Mbi quan hé céc cong tic (b) Vi pham mbi quan hé

Hinh 1. Quan hé cong tac

Thuat todn sinh hoc cong sinh tim kiém (Symbiotic Organisms Search SOS) 12 mdt thut toan tbi
vu héa manh dudc gidi thiéu bdi Cheng and Prayogo [3]. Uu di€ém cd bén chinh ctia thuét toan nay so
v6i hau hét cac thuit todn tién hoa khac 1a thuit toan chi c6 hai tham sb diéu khién co ban dé 1a kich
cd quan thé va s6 vong lap. Cac nghién citu trude vé SOS chi ra rang thuét toan SOS vugt troi hon cic
thuat todn di truyén (Genetic algorithm-GA), bay dan (Particle swarm optimization-PSO), tién héa vi
phan (Differential evolution-DE) va thuit todn bay ong nhan tao (Bees algorithm-BA) trong viéc giai
quyét van dé tdi uu toan cau don muc tidu. Trude nhitng di€m manh ctia SOS, mot s6 nha nghién citu
da phat trién va 4p dung thanh cong SOS d€ gidi quyét cac vin dé da muc tiéu vdi hiéu suit vuot troi
so véi cac thuét toan da muc tiéu khac [4, 5]. Do d6, nghién ctiu nay phat trién thuat todn sinh hoc
cong sinh tim kiém tu diéu chinh da muc tiéu dé tdi uu héa can bing thdi gian chi phi trong du 4n c6
cong tac lap lai.
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2. Bai toan thoi gian chi phi trong du an c6 cong tac lap lai

Mot du 4n bao gdm céc cong viéc M, ¢ thé dudc lip lai trong cac phan khu (tang, zone) U. Tién
dd mdi phan khu dudc 1ap st dung so dd mang niit, trong d6 cic cong viéc M dudc thé hién duéi dang
nit. Cac cdng viéc nay dugc lap lai trong cac phan khu U. Cac tai nguyén st dung cho tiing cong viéc
(i), dugc st dung 1ip di Lip lai trong cic phan khu (khdng gian) U tif phan khu 1 dén U. Bai toan thoi
gian chi phi trong du 4n c6 cong tac lip lai yéu cau cdc nha hoach dinh du 4n lua chon bién phap thi
cong phu hgp cho tit ca cac cong téc (i) trong cac phan khu U dé 1ap tién do tdi uu trong khi dép ting
tAt ca cdc rang budc ctia du an. VAn dé lap tién do phai can bang hai muc tiéu mau thun, d6 1a giam
thiéu dong thoi thdi gian va chi phi du 4n. C4c muc tiéu niy dudc tinh todn theo cong thiic dé xuét
cua Long and Ohsato [6] nam 2009.
Muc tiéu 1: Giam thi€u thoi gian du én T), = T;,W”, dudgc tinh theo cong thiic (1).

Tp =min| Max (FT;;)|=min| Max (ST;;+ D; ) (D
i=1,...M i=1,...M

i=1,..., i=1,...,

trong d6 FT; ; 1a thoi gian hoan thanh cuia cong viéc (i) 6 phan khu (). ST; ; 1a thoi gian bat dau, D;. j
1a thaoi gian thuc hién cong viéc.
Muc tiéu 2: Giam thiéu chi phi dy an 7C, = TCI{/I"”, dudc tinh theo cong thic (2).

M U
TCp=Cp+Cr=) > cij+Co+bTp )
i=1 j=1

Chi phi gidn tiép C; = Co + bTp. Trong d6 Tp 1a tdng thoi gian hoan thanh du dn dugc xéc dinh theo

phuong trinh (1). Hé sb b 1a chi phi gian tiép ctia du 4n dudc Iva chon dua vao bdi nha quan ly du 4n.

Co 1a tng chi phi ban dau (c6 thé bao gdm chi phi huy dong, chi phi cho cédc cd s& tam thdi va céc
M U

chi phi ban dau khéc). Chi phi truc tiép Cp = Z Z ci.j» trong d6 ¢; j chi phi tryc tiép d€ hoan thanh
i=1 j=1
cong tac (i)  phan khu ().

3. Pé xuét thuit toan t6i wu thdi gian chi phi

Phan nay mo ta thuit toan sinh hoc cdng sinh tim kiém tu diéu chinh da muc tiéu (Adaptive
multiple objective symbiotic organisms search algorithm - AMOSOS) d€ gidi quyét bai todn chi phi
thdi gian trong du 4n c6 cong tac lap bang cach tdi vu héa ddng thoi thoi gian va chi phi du 4n. Trong
mo hinh dé xuét, thuit todn tim kiém da muc tiéu AMOSOS dudc phit trién dua trén phién ban gbc
ctia thuét toan SOS. So dd nguyén ly ctia thuit toan AMOSOS dudc mé ta trong Hinh 2. Hinh nay
bi€u thi cic giai doan khic nhau clia thuat todn dugc dé xuit nhu khdi tao, giai doan tuong tic thich
nghi, giai doan hoi sinh, giai doan ky sinh va diéu kién diing. Cac budc chi tiét ctia thuat toan thich
ting dugc giai thich trong cic budc sau. Dau tién thuit todn khéi tao quan thé ban dau dua vao dic
diém ctia du 4n, tiép theo sé di vao qu4 trinh t&i uu héa thong qua céc co ché hoat dong chinh. G mbi
giai doan bao gdm (tuong tac, hoi sinh, cong sinh) mdi ca thé trong quan thé sé tao ra mot ca thé (giai
phdp) mdi, c4 thé méi sé so sanh vdi ca thé cii thong qua cdc gia tri hAm muc tiéu. Sau d6 qua trinh
lya chon sé chon ra cic c4 thé di vong lip tiép theo. Qua trinh t6i wu két thic khi diéu kién diing thoa
man. Mot tip hgp cac giai phap khong vugt troi (Pareto) sé duge tao ra. Nhiém vu ctia nha quan ly du
an la chon lva nhitng phuong an thi cdng thich hgp dua vao ti€u chi cta dy an.
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Hinh 2. M6 hinh téi uu thdi gian chi phi

3.1. Khdi tao

M5 hinh yéu cau diu vao thong tin du 4n bao gdm mbi quan hé cdc cong tdc, hAm phan phbi
(singularity functions) clia cdc cong tac tai mdi phan khu, tdng chi phi hoat dong ctia mdi cong tac
dugc tinh theo cong thifc (2). Ngoai ra, ngudi ding cling phdi dit tham s6 cho cong cu tim kiém
(AMOSOS), chang han nhu gid tri ctia kich thudc hé sinh thai, s6 lugng bién D, s6 ham muc tiéu O,
s6 luong thé hé G,y toi da, cAn duéi (LB) va can trén (UB) ciia céc bién quyét dinh. Céc gid tri dau
vao phu thudc vao du 4n can tdi vu. V6i cac dau vao nay, quy trinh t6i uu hoéa tién hanh tinh todn tu
dong dé c6 duge mot bo tiry chon tdi uu cic t6 doi thi cong cho tt ca cic cong tic ciia du 4n.

Qua trinh khdi tao quan thé ban diu tao ra mot diém trong khong gian D chiéu X = {x1, x2, ..., xp}
trong d6 x1, x2,...,xp € R va x; € [0, 1]. Quan thé dau tién sé dudc tao ra nhu sau:

X7 = LBi+x;j* (UB;— LB); i=1.2,...,D; j=1.2,...,NP (3)

Giéi phdp tiém ndng dugc bi€u dién dudi dang vectd D phén ti nhu sau: X = [X; j, X2, ..., Xi j,

..., Xp,j]. Trong d6, D 1a s lugng bién quyét dinh trong bai todn. RO rang 1a D cling 1a s6 lugng cong
viéc trong du 4n. Chi s6 j biéu thi c4 nhan thd j trong hé sinh thdi. Phan ti X, ; dai dién cho mot
bién phdp thi cong cong viéc i, mdi t& doi sé thuc hién theo cach khac nhau. Phan td X;, j 1a mot s
nguyén trong pham vi [1, M;] (i = 1 dén D), nghia 12 mot vi tri trong tit cd cac bién phdp thi cong
cong viéc M;.

3.2. Tinh todn tién dé

Dau tién, tf thong tin ctia du 4n, dau vao tién do bao gdm sb cong tac, thdi gian thi cong clia cic
cong tac, mdi quan hé cong tac, khdi luong va céc loai gidn doan vé mit thdi gian va khdi lugng va
céc gid tri (m, k) d€ tao ham phan phdi cho cic cong tac. Budc 2, tuong tu phuong phap tinh todn tién
do cta Hajdu va cs. [2], cAn chuyén d&i tit cA ham phan phdi tif cong viéc theo thdi gian w(f) sang
thoi gian theo cong viéc #(w) d€ ddp ting muc tiéu 1a tdi uu héa tién do. Nghién cifu nay dinh nghia
ham phan phbi cho tit ca cdc cong viéc trong du 4n nhu cong thic (4).

U
tacz(w)=k1<W—a1>m+Zki<w—ai>m—ki—1<w—ai—1)m; i=1L,U, w=0:Aw:L (4)

i=2

trong d6 w 12 bién trén truc khdi lugng; a; 1a gia tri ngudng trén khdi lugng w ma tai d6 ham dit biét
trd nén c6 gia tri; U 12 s6 phan khu ctia du 4n. Céc gia tri clia w ndm trong pham vi [0; L]. L 12 tong
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khdi lugng. S6 luong phan tif trong mang w phu thudc vao gia tri cia bude 1am viée (Aw). Sau khi
xéc dinh dugc cac ham phan phdi cho céc cong téc. O budc 3, dua vao tinh chit ciia du 4n xdc dinh
cic mbi quan hé cong tic trong du 4n, cic mbi quan hé rang budc sé dudc phan ra cdc cip (vi du A
va B sé 1a FS: Finish-Start, két thic bat dau). Tiép theo dua vao cic loai gian doan vé mit thoi gian
va khéi lugng d€ xic dinh gia tri gidn doan & budc 4 va 5, sau d6 ghép st cac cong tac sau dé c6 tién
do thi cong hgp 1y 6 buée 6 (Hinh 3).

,Bufyc 3: XacAduih quan hé cong tac -
Cac cap quan hé cong tac (FS,SS,SF,FF)
v X =[Xy Xy jreees X oo X ]
Budc 4: Xac dinh ving dém Lua chon 461
Thoi gian: Chuyén cong tac trude cua i 1én trude theo v
hudng thoi gian. t(W)pyser = t(w) + timelead 1. A - z
Khéi lugng: Chuyén cong tac trude cia i sang trai theo . ; BUU‘C. l'_ Nhap ‘thong so .
huong khéi lugng. tW)urer = tw) + worklead Cong tac, Thoi gian, Trinh ty, khoi luong
cong viéc, va loai cho tien do va gia tri
Sai Budc 5: Tinh toan gia tri ghép sat - " + N .
A — . Budc 2: Lap ham phan phoi
all_predecessor — t(W)predecessor_buffer t(W)successor_temp —
i w(t) — t(w)
Budc 6: Lap tién do cong tac i
t(W)at:tivity_i = t(W)successor_temp + maX(AaII_predeoessor)
Thoi gian: {max FT;;|i=1,2,....N}

=i+l Din, X
@ e Tht ca cong viée Keét thuc
C

Chi phi: Z :

Hinh 3. Cdc budc tinh todn tién do

LAy du 4n dao ranh lam vi du, Aw dugc dit 1a 1 mét. Tai budc 3 chi ra céc cip quan hé cong viéc.
Trong nghién cifu ndy xem xét hai loai viing dém (gidn doan). Viing dém thdi gian yéu cAu cong viéc
sau phai duy tri so vdi cong viéc trudec mot khoang thdi gian trén truc thdi gian. Ving dém khéi luong
c6 nghia 12 cong tdc sau phai luon di trude mot khoang cach tdi thi€u vé bén phai so v6i cong tac trude
doc theo truc khéi lugng. Hinh 4 minh hoa budc 4 dén 6 trong qua trinh tinh toén tién do.

Ludn ludn: o; — ap > ving dém thoi gian ~ Ludn ludn: w; — w;, > ving dém khoi luong

Vung dém cong
téc trudc

A Thoi gian A Thoi gian

Khoang dich 7 Khoang dich

chuyén xa nhit chuyén xa nhat
thoi gian

....... yob I
0y I PR—
T Olp i Cong tac trudc
i !
O (S =y I
| |
|
]

maX(A.) Khéi luong maX(AI) /\I/ Cong tac sau_tam

P

|
|
|
| tic trude
| Ving dém
khéi lugn,

Khéi lugng

Vung dém thoi gian Vung dém khéi lugng

Hinh 4. Tinh todn tién do giita 2 cong tac
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Ys(W) =0,3-(w—0)*~0,3- (w—8)*
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Hinh 5. Minh hoa v& du 4n dao ranh

Hinh 5 minh hoa mét du 4n d3o rianh véi hai cong tac A (tuyén tinh) va B (phi tuyén tinh). Trong
vi du nay, chiéu dai ranh la 24 mét, dudc chia thanh 3 phan khu. Cong tic B bit diu sau cong tic A
va va c6 gian doan thoi gian 13 2h, do d6 trén ca 3 phan khu diém ghép sat tién do ctia A va B 1a tai
w = 2. Do d6, cong tic B sé dudc dich chuyén 1én 4,8 gid va thdi gian bat dau cong tac B tai phan
khu dau tién 1a tai mbc 4,8 gio. Tong thdi gian du 4n dudc tinh toan véi gid tri 42,2 gio.

3.3. Giai doan tuong tdc

Trong giai doan nay, ca thé X; hang thii i cia hé sinh thai tuong tac ngiu nhién v6i mot ca thé khac
Xj (noi i # j).

Xi new = X; + rand(0, 1) * (Xpes — Mutual_Vector x MBF) (5
Xj new = Xj + rand(0, 1) * (Xpes — Mutual_Vector x MBF») (6)
Xi + X

Mutual_Vector = (7)

2

Xpes: dudc lua chon tir tap hop khong vugt trdi thi nhit. DE can bang gitta viéc tim kiém theo chiéu
rong va chiéu siu, bai bio nay dé xuit stta d6i hé s BF nhu sau:

F(X; F(X;
MBF, = M; MBF, = M (8)
Z F(Xbest) Z F(Xbest)
3.4. Giai doan héi sinh
Trong giai doan nay, su hoi sinh gitta hai c4 thé trong quan thé dugc tao ra nhu sau
Xi_new = X; + rand(—1,1) * (Xpesr — Xj) (9)

3.5. Giai doan cong sinh

Dau tién c4 thé X; s& lya chon mot ca thé X; d€ so sanh. Giai doan cong sinh, X; sé tu bién ddi
minh bang cach thay d&i mot sé phan tii trong D phan tii. Sau d6, dung qu4 trinh so sanh dé Iya chon
gitia X; pew va X.
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3.6. Qud trinh lua chon

O méi vong lip, co ché hoat dong ctia thudt todn sé tao ra thém mot quan thé khic. Sau mdi vong
lip thi 2 quan thé gop chung thanh 1 quan thé tdng hop. Phuong phép sip xép giai phap khong vugt
trdi [7] sé phan loai quan thé tdng hdp thanh céc 16p theo cic tiéu chi danh gia trong bai todn da muc
tiéu. Do trong qud trinh tbi vu hoa thi thuat toan ludn gitt nguyén s lugng quan thé 13 NP, nén phuong
phap dam dong entropi [8] sé dugc dp dung d€ chon chinh xac NP. Hinh 6 md ta qua trinh chon loc.

| Phuong phap sap xép | | Phuong phap dam dong entropi |
Ldp 1
Qu?m
the hi¢n Lép 2
tai
Ldp 3
e N Quanthé | N L
Tong hop Lép 4
Quén ,
thé Lap 2
ngoai
Lopn

Hinh 6. Qua trinh chon loc

3.7. Diéu kién dimg

Qua trinh tbi uu héa diing khi ma diéu kién diing dudc thdéa min. Trong md hinh dé xuit, ching
t6i st dung s6 vong lip tbi da.

4. Truong hop nghién ciru

M5 hinh dé xuét dugc ap dung d€ giai quyét bai toan thdi gian chi phi trong du 4n cau c6 cong tic
1dp lai. Cau c6 chiéu dai 250 mét, du 4n c6 bdy cong tac va dudc chia thanh nim phan khu (mdi phan
khu dai 50 mét). Bang 1 liét ké thong tin du 4n bao gdm cdc mdi quan hé uu tién giita cic cong tac,
thdi gian thuc hién mdi cdng tac, cling nhu tong chi phi cho tling cong tac trong du 4n. Lua chon t&
ddi (ning suit, sd ngudi) thi cong 1a cac bién va dudc quyét dinh bdi trinh t6i wu héa. Cac gid tri m, k
dugc xdc dinh theo ning suét lao dong ciia cac t& doi va phuong phép thi cong, cic gia tri nly sé dinh
nghia ham phan phdi theo cong thiic (4).

Bang 1. Dt liéu du an

R Cong Lua chon 1 Lua chon 2
SoTT Tén cong tic téc
trude m k c m k c

1 Chuﬁnbimé[b?xng - L1150 0,5:1:1;2:0,5 90 I;1:1;151 1;1:2:2:1 80
2 Vén khuén va st 1; 0,5;0,5;0,5;0,5;0,5 10;14;20;20;20 130 0,5;0,5;0,5;0,5:0,5 12;16;22;22;22 130
3 Pio dit 1; 0,5;0,5:0,5:0,5;0,5 8;12:15:15;15 85 0,5;0,5;0,5:0,5;0,5 8:12;15;15;15 75
4 Démbélﬁngdﬁc sin 1; 1:1:1:1:1 1:1:2:2:3 100 1:1:1:1:1 2; 3.4 90
5 D3 méng va tru 2;3 2;2;2;2;2 0,1;0,05;0:0,09;0,08 170 0,15;0,07;0;0,1;0,09 150
6 Van chuyén dam 4; 2;2;2;2;2 0,1;0,05;0,06;0,04;0,06 140 325 0,11;0,06;0,07;0,05;0,07 120
7 Lip dam 5:6 0,5;0,5:0,5:0,5;0,5 10;12;15;15;15 150 0,5;0,5;0,5:0,5;0,5 12;14;16;16;16 140
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Lua chon 3 Lua chon 4 Lua chon 4
m k c m k c m k c
1:1;1;1:1 2:2:2:2;2 70 L1150 2;2;3;3;2 60 1;1;1;151 2:2;4:4;2 50
0,5;0,5;0,5:0,5;0,5 13;17;24;24;24 110 0,5;0,5:0,5:0,5;0,5 14;18;25;25;25 100 - - -
9:13:16:16;16 70 - - -
33 85 L1515 4:4;5:5:6 80 - - -
0,16;0,! 140 2;2;2;2;2 0,17;0,1;0;0,12;0,12 130 2;2;2;2;2 0,18;0,11;0;0,13;0,13 120
0,12;0,07;0,08;0,06;0,08 100 2;2;2;2;2 0,13;0,08;0,09;0,07;0,09 95 2:2;2;2;2 0,14;0,09;0,1;0,08;0,1 90
0,5;0,5;0,5:0,5:0,5 13;15;17;17;17 130 0,5;0,5:0,5:0,5;0,5 14:16;18;18;18 120 0,5;0,5:0,5:0,5;0,5 15:17;20;20;20 115

Chii y- Gia tri chi phi (ngan USD)

Két qud toi uu

Mo hinh dé xuét 4p dung d€ t6i vu dong thdi thdi gian, chi phi va théa man cic rang budc vé méi
quan hé va viing dém khdi lugng, thoi gian. Cai dit thong sd dau vio cho thuit todn véi s6 luong gidi
phép trong quan thé 1a 100, s6 vong lip ti da 1a 100. P& c6 duge d6 min ctia ham phan phdi, do 16n
clia budc trén truc khéi luong dugce chon 1a Aw = 0,01 m. Céc thuat toan déu dudc 1ap trinh & phan
mém Matlab. Thuat toan chay 10 1an d€ tranh két qua ngu nhién. Hinh 7 biéu dién mot tap t6i uu.
Hinh nay thé hién 16 mbi quan hé thdi gian va chi phi va sé& gidp ngudi ra quyét dinh danh gid dugc
mot cach hiéu qua tiing gidi phdp t6i wu. Giai phdp tién do 1 (S1) tao ra gid tri thdi gian du 4n nho
nhit cho du 4n, S3 tao ra cdc gia tri nhé nhét cho chi phi va cic giai phap khac dat dudc su can bang
gitta hai muyc tiéu.

8x10° $ <—si
° ® Dudng cong thoi gian - chi phi

7.8
7.6 *
7.4
72+

s L S2

Chi phi dy én ($)
(]

6,8 - [ ]
6,6 - [ ]

6,4 +

6.2 1 1 1 | 1 1 1 .\
900 1000 1100 1200 1300 1400 1500 1600 1700

Thoi gian dy an (gio)

Hinh 7. Tap t6i uu cla thuat toan dé xudit AMOSOS

Tién do bao gdm thdi gian bt diu, phan cong t5 ddi trong cac phan khu cda 3 gidi phdp khong
vuot troi dudc trinh bay & Hinh 8. Vi du, Hinh 8(c), mo hinh d& xuét cho ra két qua véi tdng thdi gian
du 4n 12 1693,3 gid va tdng chi phi 1a $625000. Thém vao d6 thi tu thi cong, thdi gian bit dau, két
thdc clia cdc cong viéc trong du dn va phan cong td doi dudc trinh bay.

Cic duong (tuyén tinh hodc phi tuyén) trong Hinh 8 thé hién tién do, tit khi bat dau dén khi két
thic du 4n. Céc sb & gitta mdi dong mo ta tén hoat dong va tliy chon t& ddi tuong ting trong ngoic
don. Vi du, chit ky hiéu & giita dong thap nhét trong Hinh 8(c) 1a 1 (5) c6 nghia la ngudi quan 1y du
4n sé& chon bién phap thi cong 5 cho cong viéc 1. Tir cdc két qua nay cho thdy mo hinh dé xuat da dap
ing cdc muc tiéu nghién cifu. M6 hinh dé xuét c6 kha ning 1ap tién do cho du 4n va dap tng tat ca
cac rang budc. Ngoai ra, md hinh dé xuét c6 thé t6i vu thdi gian va chi phi du 4n bing cich Iua chon
céc phuong 4n t& doi. Do d6, md hinh dé xudt 1a hiéu qua dé 1ap tién do cho du 4n c6 cong tac lip lai.
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5. Két luan

Bai viét nay trinh bay mot phuong phap 1ap tién do dua trén tdi wu héa nhiéu muc tiéu gidi quyét
bai todn chi phi thdi gian ctia cdc du 4n c¢6 cong tac lip lai. Nghién citu sit dung phuong phap sb trén
nén ting ham phan phdi dé€ xac dinh mdi quan hé gifta cong tic. Phuong phap dugc dé xuit 1a dé hiéu,
thuan tién d€ thuc hién va tao ra két qua chinh xdc mot cach nhanh chéng. Thém vio dé, nghién cifu
nay con dé xut mot thut toan sinh hoc cdng sinh tim kiém ty diéu chinh da muc tiéu nham t6i uu
héa bai toan thdi gian chi phi. AMOSOS c6 kha niing tim kiém toan cuc va cuc bd tot.

M0 hinh da dudc 4p dung vao mot du 4n xdy dung cau. Mo hinh dé xuét da gidi quyét thanh cong
bai todn tdi uu tién d6 va chi phi. Cac giai phap khong vuot trdi (Pareto) do AMOSOS tao ra cung cip
thong tin gitp ngudi quan 1y du 4n ra quyét dinh lua chon phuong 4n thi cong cho céc cong viéce trong
du 4n dua trén cin bang cac yéu td vé thoi gian va tién do. Mo hinh da muc tiéu la don gian, manh va
khong bi gidi han vé ham muc tiéu, sb bién va so dd mang. Do d6 trong cic nghién ciiu tiép theo c6
thé sit dung mo hinh dé xuit dé€ giai quyét cac bai todn tuong tu nhu t6i uu cin bang dong thdi thoi
gian, chi phi, chit luong, moi trudng, rii ro.

Céc muc tiéu clia nghién ctiu da dat dugc, tuy nhién dé€ c6 thé 4p dung rong rai cic du an thuc
té. Céc nghién ctiu tiép theo can dé xuit mot giao dién cho ngudi ding, dong thdi chuyén ddi tién do
hién tai sang cac tién do thong thudng (so dd ngang, ...) dé€ dé dang véi ngudi st dung.

Loi cam on

Nhoém tac gid chan thanh cam on sy hd trg tai chinh ciia Quy Phat trién khoa hoc va cong nghé
Qubc gia (NAFOSTED) cho dé tai mi s6 102.05-2018.07.
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