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TOM TAT: Bai todn t6i wu thoi gian - chi phi la mét trong nhitng khia canh quan trong nhdt ciia
quan Iy du dn xdy dung. Dé cuc dai hoa loi nhudn, cac nha ldp ké hoach xdy dung phai ¢ gcfng tim
cdch t6i wu dong thoi thoi gian va chi phi. Trong nhiéu nam qua, nhiéu nghién ciru da dwoc thuc hién
nhdm nghién cieu moi quan hé thoi gian - chi phi, cdc kp thudt dugc ing dung tir phicong phdp tim kiém,
phiong phdp todn hoc cho dén thudt gidi di truyén. Trong bai bdo nay, mét thudt toan t6i wu duwa trén
nén tang ciia sw tién héa, véi tén goi i wu dan kién (ACO) duoc g dung dé gidi quyét bai todn t6i uu
da muc tiéu thoi gian - chi phi. Bang cdch két hop véi phwong phdp trong sé thich img sica déi (MAWA),
mé hinh sé tim ra cdc loi gidi t6i wu. M6 hinh ACO-TCO sé duwoc phdp trién bang mét chuong trinh
may tinh trén nén Visual Basic. Mot vi du sé duoc phan tich dé minh hoa kha nang cua mo hinh ciing
nhu so sanh véi cdc phuong phdp truée ddy. Két qua chi ra rdng phicong phdp nay c6 kha nang tim ra
nhitng két qua tot hon ma khong can sie dung qud nhiéu dén mdy dién todn, tir dé cung cdp mét phuong
tién hitu hiéu dé hé tro cdc nha ldp ké hoach va quén Iy trong viéc lwa chon nhitng quyét dinh vé thoi
gian — chi phi mét cach hiéu qua. :

Tir khéa: Ant colony optimization (ACO), genetic algorithm, GA, MAWA, ACO-TCO.
dung déu phai hoan thanh khong nhitng ding

1. GIOI THIEU ; : ;
thoi gian tién d¢ ma phai vuot tién dj dé ra .

Vi su ra doi cua cic sang kién cling nhu
céc ky thuat xdy dung hiéu qua, cdc sang kién
trong quéan ly va ciac phuong phdp phan phit,
thoi gian xay dung da dugc cai thién mét cach
rd rét trong vong vai thdp ky gin day. Trén
quan diém cia chu dau tu, mot du an két thic
sém s& giup giam bt khoan ng vé tai chinh va
cho phép ho thu lai ngudn vén dau tu sém hon.
Mit khac, cdc nha thdu s tiét kiém duoc chi
phi gidn tiép va giam thiéu duoc nguy co lam
phét ciing nhu sé lwong nhin cong néu thoi
gian cua dy 4n c6 thé dugc rit ngén. Trén co s&
ndy, céc nha 1ap ké hoach va quan ly dy 4n déu

c¢b ging bao dam ring tat ca cac hoat dong xay

Bai toan 16i wu thoi gian — chi phi (time-
cost optimization — TCO) la mét trong nhiing
bai toan quan trong nhét cta viéc ldp va quan
ly du an. Cac nha quan ly du an phai lua chon
nhitng ngudn tai nguyén thich hop, bao gém:
kich c& t& doi, vat tu thiét bi, mdy mdc... ciing
nhu phuong phap va ky thuat thi cong dé thuc
hién cac cong tac cua du an. No6i chung, cé mot
mdi quan hé tuong quan giita thoi gian va chi
phi dé hoan thanh mdt cong téc; chi phi thép thi
thoi gian thuc hién cong tic s& kéo dai, va
nguoc lai. Nhimg bai todn loai nay thudng rat

kho giai quyét boi vi ching khong c6 mét dép
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an duy nhit. Vi vdy, nhiém vu ciia cdc nha
quan ly du an la phai xem xét, danh gid mot
cach ky ludng nhidu phuong phép khac nhau
nhim dat dwoc mot két qua can bing ti uu
giira thoi gian va chi phi.

Cac phuong phép dé giai quyét bai todn
TCO hién tai c¢6 thé dugc chia thanh ba nhém:
phuong phép tim kiém (heuristic methods),
phuong phiap quy hoach toin hoc
(mathematical programming models) va céac
thuat toan t6i wu dua trén nén tang cua su tién
hoa (evolutionary-based optimization
algorithmsEOAs). Phuwong phép tim kiém la
mdt ky thuét tim kiém dua trén y kién cha quan
clia ciia ngudi ra quyét dinh. Cic phuong phép
tim kiém tiéu biéu ding dé giai quyét bai todn
TCO gdém : phuong phap Fondahl (1963),
phuong phap khung (Prager 1963), phuong
phap dd déc chi phi hiéu qua (Siemens
1971),... Phuong phép quy hoach todn hoc sur
dung céc chuong trinh toan hoc nhu quy hoach
tuyén tinh (linear programming_LP), duoc giéi
thiéu boi Kelly (1961), Hendrickson and Au
(1989) va Pagnoni (1990) dé mé hinh héa méi
quan hé tuyén tinh giita thoi gian — chi phi.
Ngoai ra, quy hoach sb nguyén (integer
programming_IP) dugc gidi thiéu boi Meyer &
Shaffer (1963) dé giai quyét ca mdi quan hé
tuyén tinh va roi rac giira thoi gian — chi phi.
Gan day, Burns cung cic cong su (1996) di
phat trién m6t mé hinh lai ghép LP/IP nhim
thiét 1ap dap 4an chinh xac cho bét ky khoang
thoi gian mong mudn nao.

Ca hai phuong phap tim kiém va quy

hoach toan hoc déu cé nhitng diém manh ciing

nhu nhugc diém riéng trong viéc giai quyét bai
toan TCO. Tuy nhién, dbi véi cic d an 16n véi
so dd mang 16m, thi ca phuong phap tim kiém
ciing nhu phuong phap quy hoach toan hoc déu
khong thé dat duoc 1o giai tdi uu mét cach
hiéu qua. V61 muc tiéu dat dugc 101 giai t6i uu
cho bai todn TCO, nhiéu nha nghién ctu da bt
dau kham pha kha ning sir dung cdc phuong
phdp tién tién, nhu 1a EOAs. EOAs
(evolutionary-based optimization algorithms) la
phuong phdp nghién ciru dua trén viéc md
phong qua trinh tién hoé cia thé gi6i tu nhién
hodc hanh vi xa hdi cia cac loai. Trong s cac
EOAs, GAs (genetic algorithms) - thuat giai di
truyén - dugc sir dung rong rai nhit nhim thu
duoc 10 giai tdi wu cho cac bai toan tdi uu da
muc tiéu trong nhiéu linh. Chéng han, Feng va
cac cong su (1997) da phat trién mot moé hinh
GA ma vé co ban la sy céi thién mé hinh lai
ghép dugc phat minh boéi Liu va cdc cdng su
(1995). Feng va céc cong su (2000) phat trién
mdt md hinh GA cho bai toan cin bing thoi
gian-chi phi trong xdy dung. Bén canh thuat
giai di truyén, nhiéu ky thuat EOA khac liy
cam hing tir nhiéu tién trinh khac nhau trong tu
nhién ciing di duogc phét trién nhu thut todn
memetic (Moscato 1989), tdi wu bdy din
(Kenedy va Eberhart 1995)...

Vao dau thap nién 90, mot thuat toan voi
tén goi T6i wu dan kién (Ant Colony
Optimization ACO) dugc d& xudt nhu 1a mot
phuong phap méi trong viéc tim kiém 161 giai
t6i wu cho nhirng bai todn t6i vu da muc tiéu.
ACO 14n tién dugc tmg dung dé giai quyét bai
toan ngudi thuong gia TSP (Traveling
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Salesmen Problem), va gén diy n6 di duoc mé
rong va cai tién dé ap dung cho nhiéu bai toan
tdi wu khac nhau.

Bai bdo nay s€ di sdu nghién ciru va ing
dung thuat toan ACO - 1a mdt phuong phép tim
kiém nén ciing 12 mot dang heuristic - dé giai
quyét bai toan t6i wu da muc tiéu TCO trong
mot du an xdy dung. Viéc phat trién mot
chuong trinh may tinh dya trén m6 hinh thuét
toan dugc nghién ciru, nhim kiém tra két qua
dua trén sb liéu cia mdt du an xdy dung thuc té,
ciing nhr so sinh véi nhitng phuong phép
trudc ddy, cling s& duoc xem xét trong bai bao

nay.

2. THUAT TOAN ACO

ACO (Ant Colony Optimization — T6i wu
dan kién) 1a mot phuong phap nghién ctu ldy
cam hirng tir viéc m6 phong hanh vi cia dan
kién trong tu nhién nhim muc tiéu giai quyét
céc bai toan tbi wu phirc tap.

Puogc gidi thiéu l4n du tién vao nim 1991
boi A. Colomi va M. Dorigo, Giai thudt kién
da nhén duoc su chi y rong 16n nhd vao kha
nang ti uu ciia né trong nhiéu linh vuc khic
nhau. Khai niém ACO liy cam himg tir viéc
quan sat hanh vi clia dan kién trong qué trinh
ching tim kiém nguén thirc &n. Ngudi ta da
khdm pha ra ring, dan kién ludn tim duoc
dudng di ngén nhit tir t6 cia ching dén ngudn
thirc an. Phuong tién truyén dat tin hiéu dugc
kién sir dung dé thong bao cho nhitng con khac
trong viéc tim dudng di hiéu qua nhét chinh la
mui cia ching (pheromone). Kién dé lai vét

mui trén mt dat khi ching di chuyén véi muc

dich danh ddu dudng di cho cac con theo sau.
Vét mui nay s& bay hoi din va mét di theo thoi
gian, nhung né ciing c6 thé duoc ciing ¢b néu
nhirng con kién khac tiép tuc di trén con dudng
d6 1an nira. Dan dén, cdc con kién theo sau s&
lua chon dudng di véi lugng mui day dic hon,
va ching s& lam gia tang hon nita ndng d6 mui
trén nhitng dudng di duogc yéu thich hon. Cac
duong di véi ndng dd mui it hon rét cudc s& bi
loai bo va cubi cung, tit ca dan kién s& cung
kéo vé mot duong di ma cé khuynh huéng tro
thanh dudng di ngén nhét tir tb dén ngudn thirc
adn cua ching (Dorigo va Gambardella 1996).

Pé bit chuéc hanh vi cia céc con kién
thuc, Dorigo xdy dung cic con kién nhan tao
(artificial ants) ciling c6 ddc trung san sinh ra
vét mui dé lai trén duong di va kha niing 1an vét
theo ndng d6 mui dé Iya chon con dudng cé
ndng d6 mui cao hon dé di. Gin véi mdi canh
(ij) nbng do vét mui 7; va thong sb heuristic
n;j trén canh do.

Ban dau, néng d mui trén mdi canh (i)
duoc khdi tao bing mot hing sb c, hodc dwoc
xdc dinh theo cong thirc :

» V(i) (1)

i m
VT

Trong do :

LI ndng d6 vét mui trén canh ij

* m: sb luong kién

* C™ chidu dai hanh trinh cho béi
phuong phép tim kiém gan nhét.

Tai dinh i, mdt con kién & s& chon dinh J

chua duoc di qua trong tap lang giéng cia i
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theo mét quy luat phan bé xc sudt dugc xic

dinh theo cong thirc sau:

: [z, )°[n,

k if ij , k
pl” = a ’ je Ni

’ Z IEN,-" [Til] [nil ]ﬁ

Trong do :

@)

" p‘j . x4c suét con kién k luva chon canh i,j

* ¢ : hé sb diéu chinh anh hudng cua Tij

= 77, thong tin heuristic gitp danh gia
chinh xéc sy lya chon cua con kién khi quyét

dinh di tir dinh 7 qua dinh j ; dugc xéc dinh theo

cong thirc :
Ny = dy (3)
* d; : khodng céch giita dinh i va dinh j
* # : hésb diéu chinh anh huéng cia n;

= N, ,k : tép cac dinh lang giéng cua
i ma con kién & chua di qua

Quy luat nay mo phong hoat dong ciia mot
vong quay x6 s6 nén dugc goi 1a ky thuét banh
xe x4 sb.

Cho mét hing s6 0<g,<1 va mjt s6 0<g<1
duoc tao ra mot cach ngau nhién. Con kién k &
dinh i s& Iya chon dinh j ké tiép dé di theo mot
quy tic lwa chon dugc md ta béi cong thirc,

sau :
Néu g<q

Nguoc )

j = {arg rlrelﬂz{[(fil )a X (’7,'1 )ﬂ]
J lai

Trong d6 :

* ¢ : gia tri dugc lya chon mdt cach ngdu
nhién véi mét xac sudt khong thay doi trong
khoang [0,1].

* 0<g,<1: 1a mot hing sd cho trudc.

= J:la mdt bién s6 ngdu nhién dugc lya
chon theo sy phin b xdc suat cho béi quy luét
phén bd xac suét theo cong thirc (2).

Sau khi ciling nhu trong qua trinh cic con
kién tim duong di, cac vét mui (7;) trén mdi
canh s& dugc cap nhit lai, vi ching bi bién déi
do qua trinh bay hoi ciing nhu qua trinh tich
liiy mui khi cdc con kién di trén canh do.

Sau mdi vong lap, vét mui trén mdi canh

duoc cap nhét lai theo cong thirc sau:
. k

(1) = (1-pxzf) + Y ATi() V() (5)
k=1

Trong do6 :
= 0<p<l  : ty I€ bay hoi cua vét mui.
- AT; (¢) : luong mui ma con kién k dé
lai trén canh i, dugc xac dinh nhu sau :

Néu con kién  di
qua canh (i,))

Aty =1 f(k) (6)
0 Nguoc lai
* O : la mét hing sb.

* f(k) : gia tri muc tiéu trong mdi vong 13p.
3. TO1 UU PA MUC TIEU (MULTI-
OBJECTIVE OPTIMIZATION)

Bai toan TCO [a mot bai toan t6i wu da

muc tiéu. Khong giéng nhu nhitng bai toan tbi

.uu don muc tiéu ma 101 giai toi wu ton tai mot
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cach rd rang, téi vu da muyc tiéu thich hop doi

véi nhitng bai toan ¢6 hon mdt muc tiéu déi lap.

Bai toan TCO duoc md ta bdi mot chudi 1o
giai ma ta khong d& so sanh, va rit khé néu
khong mubn n6i 1 khong thé thu dugc 10 giai
tét nhit mot cach rd rang cho tit ca cic muc
tiéu. M&i mot ham muc tiéu cé thé dat duogc
diéu kién t6i wu ciia né tai nhing diém khac
nhau nhd vio sy thiéu hut tiéu chuén théng
nhét vé sy ti wu. Do d6, cic nha lap ké hoach
va quan ly phai 4p dung sy danh gi vé mit k§i
thudt cia ho trong viéc lua chon dép 4n t6t nhat
thu duoc tir mot bd cac dép an ti wu doc theo

bién Pareto (Zheng va cac cong su 2005).

Pugc trinh bay bai Vilfredo Pareto vao thé
ky 19, khéi niém t6i uu Pareto 1a mot cong cu
duoc chép nhén trong viéc so sanh giira hai dap
4n trong bai toan tdi uu da myc tiéu ma khong
c6 tiéu chuin thng nhét vé sy t6i wu. Cac dap
&n nhu thé doi hoi phai hy sinh it nhdt mét muc
tiéu khac khi muén cai thién bat ky mot muc
tiéu nao (Gen va Cheng 2000). Mot dap an (x*)
khong bi tri béi mot dap an (x) khac néu né co
it nhit mot tiéu chuén t6t hon khi so sénh véi
(x). Ving dugc dinh nghia béi téi wu Pareto
dugc goi la bién Pareto (Pareto front), va muc
tiéu cia téi wu da muc tiéu l1a thiét lap toan bd
bién Pareto cho bai toan thay vi chi c6 mét dap
én don t6t nhat.

Pé danh gia sy phu hop cia 101 giai thu
dugc tir mo hinh, mgt ham thich nghi (fitness
function) xem xét dén yéu t6 thoi gian va chi
phi s& dugc 4p dung cho bai toan ti wu da muc
tiéu TCO.

Phuong phap dugc sir dung cé tén goi la
phuong phdp trong sé thich img sita doi
(Modified Adaptive Weight Approach - '
MAWA), dugc Zheng va cac cong su (2004)
phat trién tir phwong phdp trong sé thich img
(Adaptive Weight Approach — AWA) dé xuit
bai Gen va Cheng (2000), va dugc st dung
trong viéc ap dung thudt giai di truyén cho bai
todn TCO.

Cu thé, trong phuong phip MAWA, cic
trong s thich tmg dugc tinh todn theo bon diéu

kién sau:

X max mi s ma min N
(1) Neu Z™ #Z™ va Z™ # Z" thi:

= ™
c Z:lax _Z;'nin
Z’min
Vl = max min (8)
Zl - Zr
V=Y, + Ve 9
= (10)
| %4
v
W= - (11)
v

@) Wl 2™ =270 vh 2™ = 2™ il
w, =w,=0.5 (12)
() NbuZ™ =Z™ vj Z™ 2 Z™ gy ;

w,=0.9 (13)

w.=0.1 (14)

(4) NéuZ™ #Z™ va ZM™ =Z™ thi:

Trang 21




Science & Technology Development, Vol 13, No.Q1- 2010

w,=0.1 (15)
w.=0.9 (16)
Trong do :

= Z™: gia tri cyc dai theo muc tiéu thoi
gian trong tap hop cac dap an Pareto thu dugc
tir vong lap cua thuat toan ACO.

= 7 ,mi": gia tri cuc tidu theo muc tiéu thoi
gian trong tap hop céc dép an Pareto thu duogc
tlr vong 1dp cua thudt toan ACO.

= Z™: gia tri cyc dai theo muc tiéu chi

phi trong tap hop céc dap an Pareto thu dugc tir
vong lap cua thudt toan ACO.

ma

z

X

—z, +
f(X)=Wt>< rr:ax i:in }/ +
-z, +tYy

!
Trong dé :

VA cm - gia tri cuc tiéu theo muc tiéu chi
phi trong tap hop cac dap an Pareto thu dugc tir

vong ldp cua thuét toan ACO.

* v, : gid tri theo tiéu chuén vé thoi gian

* Vv_ : gid tri theo tiéu chuin vé chi phi
= v : gidtri cho du dn

* w, : trong sb thich ting theo tiéu
chuén vé chi phi
* w, : trong s thich (g theo tiéu chuin
vé thoi gian
Sau khi tinh dugc cic trong sé w;, w, tinh
ham két hop thoi gian & chi phi theo cong
thire :

max
- z, —2Z, +]/

c max min (17)
2., =2, +}/

= 7 : hing sb duong ngiu nhién ndm trong khoang [0,1].

4. MO HiNH ACO CHO BAI TOAN TCO
4.1 Mo ta bai toan

Bai todn t6i wu thoi gian chi phi TCO
(time-cost optimization) 13 mot bai toan t6i uu
da muc tiéu, trong do céc dép 4n la khong duy
nhét. Bai toan TCO tp trung chi yéu vao viéc
lra chon nhitng phuong én thich hgp cho tirng
cong tac nham dat duoc muc tiéu vé thoi gian

va muc tiéu vé chi phi cho du an.

Viéc ap dung thuat toan ACO dé giai quyét
bai toan TCO c6 thé dugc minh hoa nhu sau :
Péu tién, ta chuyén dbi bai toan TCO trd thanh
bai toan TSP. Sau do, két hop hai muc tiéu thoi
gian va chi phi thanh mft muc tiéu nh& vao
phuong phép trong sé thich ung sira dbi
MAWA. Cuéi cung, tim kiém 10i giai t6i uu
dua trén thuat toan ACO.

Su biéu dién bai toan TCO duéi dang TSP
dugc mo ta trong hinh (1)
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Hinh 1. Biéu dién bai toan TCO duéi dang TSP

M3i nat trong hinh (1) biéu thi mét phuong
4n lua chon dé thuc hién cong tac. Vi dy, nat
thir j trén cot i (i=0,1,2,...) cho biét ring cong
tdc i thuc hién theo phuong an lua chonj. Cot 0
12 mét cong tac ao dai dién cho diém bt dau
ctia du an. Cic canh trén hinh (1) dugc mo ta
boi mot ma trdn voi 3 yéu t6, vi du G, jn Jj2)
miéu ta cong tac thir i thuc hién theo lua chon
Jjo1, trong khi cong tac i+1 thyc hién theo lwa
chon j,. M&i dudng di tir cot 0 dén cot num-act
trinh bay mdt phuong 4n thuc hién cua du an.
Trén thuc té, viéc giai quyét bai todan TCO la
tap trung tim kiém mot dudng di cé thé lam

cho cuc tidu tdng thoi gian ciing nhu tdng chi

Trong do :
» %) . thoi gian thyuc hién cong tac thir i
khi thuc hién theo lua chon thir k.

= x,.(k) . bién sé cia cong tac thir i khi
thuc hién theo lua chon thir k. Néu xfk) =1 thi
cong tic i thuc hién theo lya chon thir k ; va
nguoc lai néu xfk) =0.

» Tdng cla cic gia tri bién sé cia tat ca
céc lua chon phai bang 1.

. L : chudi cong tic trén dudng

dithok; Ly= {illo L vie) ink}

phi cita du 4n. L : 56 cuia cong tac j trén dudng
2 = . 3k . b # di thirk
Tong thoi gian va tong chi phi cua dyu 4n
¢6 thé dugc tinh toan lan lugt theo céc cong "L : tap hop tat ca cac dudng di

thie (18) va (19) sau day :

T = max Zt,.(k)x,(k)

iel,

(18)

ciia so 46 mang; L={L;| k=1,2,...m}
= m : sb cua céc dudng di trong

so d6 mang.
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¢= > def 5 +Tic™ (19)

i i i
ieN
Trong d6 :
= dci(k) : chi phi truc tiép cia cong tic

thr i khi thuc hién theo Iua chon thir k, bing
v6i s6 lwong ciia cic cong tic nhan véi don gia
cua chung.

= ic™ : chi phi gidn tiép cla cong tic
thir i khi thuc hién theo lya chon thir k, ¢6 thé
tinh todn boi cdc chuyén gia bing cich woc
lugng hogdc thu dugc tir viéc chia chi phi gidn
tiép clia ngén sach theo tng thoi gian cia hop
ddng.

* N : tdp hop cic cong tic trong so dd

mang.

4.2 M6 hinh ACO-TCO
Mb hinh ACO-TCO dwgc md ta gdm cac

buéc chinh nhu sau :

* Budc 1 : Khdi tao cdc ddp dn ban diu

Trudce tién, tit ca péc con kién nhan tao
dugc dit & nat khoi dau. Tiép theo, tao ra mot
céch ngdu nhién mot dudng di tir nut khéi dau
dén nit két thic cho mdi con kién. Diéu nay
c6 nghia 1 mdi con kién s& chon lya mdt cach
ngiu nhién mdt phuong 4n thuc hién cho mdi
cong tic dé tao ra mot dap 4n kha thi cho bai
todan TCO.

* Buéc 2 : Tinh todn téng théi gian va
chi phi ciia du dn

Tinh to4n téng thdi gian hoan thanh va
téng chi phi dy 4n cho mdi duong di dugc tao
ra bdi mdi con kién theo cac cong thirc (18) va

(19).

< Buwéc 3 : Thiét lip ving ddp dn
(solution pool) va fim cdc dip dn tdi wu
Pareto, dit tén la E

Muc dich cua viéc thiét 1ap vung dép 4n la
lam giam viéc tinh toan lap lai mét cach khong
can thiét trong sudt qua trinh chay thuat toan.
Khi tao ra mdt dap én mdi, trudc tién sé tim
kiém trong ving dép an. Néu dap 4n nay di
xuét hién trong ving dap an, thi loai bo no, néu
khong thi tinh toan gia tri d6 theo cdc cong
thire (18) va (19). Phu hop véi dinh nghia cac
dp 4n téi wu cia Pareto, xéa di cic dép 4n
khéng trdi tir viing dép 4n, phan con lai s& tao
thanh cdc dap dn t6i wu Pareto E.

» Budc 4 : Phin phéi cic trong sé cho
muc tiéu thoi gian va chi phi

Tim cdc gid trj Z™,Z™" Z™  Zmn
trong E, sau d6 phan phdi cic trong sb theo
muc tiéu thoi gian va chi phi dua vao céc cong
thirc tir (7) dén (16).

* Budc 5 : Tinh todn gid tri két hop ciia
muc tiéu thoi gian va chi phi

Trong qua trinh chuyén ddi hai muc tiéu
thoi gian va chi phi thanh don muc tiéu dudi
dang trong s6, ta s& thu dwoc gid trj két hop ciia
muc tiéu thoi gian va chi phi, gia tri nay duoc
sir dung dé stra dbi cuong do mui trén dudng di.
Gié tri két hop ciia muc tidu thdi gian va chi
phi duogc tinh theo cong thire (17).

¢ Budc 6 : Tinh todn gid tri cdp nhdt ciia
vét miii trén méi dwong di sau mjt vong lip

Sau mdi vong lap, gia tri cap nhat cua vét
mui trén mdi canh (ij,j>) duoc tinh toan theo

cong thirc sau :
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num _ant

_ k
At = QAT (20)

k=1
Trong do :

* num_ant : tong s6 luong kién

. ATi‘j‘,jz: gid tri cap nhét cia vét mui

trén canh (i,/,,/>) sau mgt vong lap

k
= Aty

: gid tri cdp nhat cia vét mui
ma con kién thir k dé lai trén canh (ij1,j2), dugc
xac dinh nhu sau :

Néu con kién & di
k qua canh (i,j1,j2)

At =3 f(k) (21)

Nguoc lai
0 guoc I

* O :la mdt hing sé, dic trung cho lugng
mui ma mot con kién dé lai trén duong di.

* f(k) : gia tri két hop ciia muc tiéu thoi
gian va chi phi ctia ddp 4n tha £, thu dugce tir
cong thic (17)

< Buéc 7 : Cap nhit vét miii trén mébi

Cudi mdi vong lap, cuong do cua vét mui
trén moi canh dugc cdp nhat lai theo quy tic

sau:

(ne)+Ar, . . (22)

Ar,‘j“j: (nc+1)=pr 1

ivjioda

Trong do6 :

* Az, (nc) : vét mui trén canh
(i,j1,/>) sau vong lap nc

* Az, (nc+1): vét mii trén canh
(i,/1,/2) sau vong lap nc+1

* pel0,1] :1a mot hing s, dic trung
cho ty 1é ton tai ctia vét mui truée d6 ; nhu vay
1-p déc trung cho su bay hoi cia vét mui.

» Buéc 8 : Tinh todn xic suit lwa chon
dwong di trén mbi canh ciia cdc con kién

Kién lua chon dudng di dya trén cuong do
mui va tim nhin ctia mdi canh. Do dé, x4c suét
lua chon cho méi canh dugc tinh theo cong

thirc sau :

canh
) (%3 ) ,
Pij.j, = Z[Ti,jl . ]a-[ﬂ,-,j, B ]ﬂ , néujeJy(i) (23)
ueld, (i)
Nguoc lai, p,.'fh ¥ 0
Trong do : * [ thong sé didu chinh anh huong cia

. p,.'t 1. - Xdc suit dé con kién k lya
chon canh (i,j,,/>) dé di
* a : théng sé diéu chinh anh huong cia

vét mui AZ',.JIJ2

nivjlvjz

* Ji(i): tap hop céc nit ma con kién k &

nut i chua di qua

.7 : ndng d6 ciia vét mui trén canh

iyJ1sJ2

(ij1J2)
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* Wi thong tin heuristic (hay con goi

la tim nhin) gitp dénh gid chinh xdc sy lya

chon ctia con kién khi quyét dinh di trén canh

de ™™ — dc

(i,/1,/), tuong trung cho thong tin cuc b dugc

xem xét trong qué trinh ; dugc xdc dinh theo

i+1
sJ1:J2 c max
dc; —dc

Véi:
dc;y : gid tri cuc dai chi phi truc tiép
cia cong tic i+1 theo nhitng lua chon khic
nhau.

. dc;fi," : gi4 tri cuc tidu chi phi truc tiép
cua cong tac i+1 theo nhiing lga chon khac
nhau.

max . . . A .. .
., . gid tri cuc dai vé thoi gian thuc
hién cong tac i+1 theo nhiing Ilua chon khéc

nhau.

min
ti+l

. : gia tri cuc tiéu vé thoi gian thuc

hién cong tac i+1 theo nhitng lua chon khac
nhau.

dc,.(fl) : chi phi truc tiép ciia cong tac i+1
khi thuc hién theo lua chon thir &

. 19

i+l

i+1 khi thuc hién theo lua chon thir &

thoi gian thuc hién cua cong tac

% Budc 9 : Lwa chon dwong di cho mbi

con kién

Pé Iya chon thuc hién mét cong tac, con
kién s& sir dung thong tin heuristic biéu thi boi
7;,.;, cing nhu Ia thong tin vé vét mui biéu
thi béi A7, i - Quy téc lua chon duoc mo ta

boi cong thirc sau day :

+r

cong thic :

max (k)
s b 4 54 ooy —dgy TP
{ tmax _ tmin ¥ (24)

i+1 i+1 ¥

s afgueff}f‘(’f)[(’ff,j,.u )a x(”i.j,.u)ﬁ] (25)

J
Trong do :

* g : gid tri dugc lya chon mot céch ngau
nhién véi mot xdc sudt khong thay ddi trong
khoang [0,1].

* 0<g,<1: 1a mét tham sb cho trude.

= J:la mot bién sé6 ngdu nhién dugc lua
chon theo sur phin bé xdc sudt cho béi cong
thie (23).

“* Budc 10 :

Thém dap 4n mdi tir qua trinh vao ving
dap én, va cap nhat céc dap an tbi wu Pareto E.
Lap lai quéa trinh tir Buéc 4 dén Bude 10 cho
dén khi diéu kién két thuc (phuong trinh (7),
(16), (17), (20), (22), (23), (24), (25) ) duoc

théa man.

5. Vi DU MINH HQA

Pé minh hoa cho tinh hiéu qua cia md
hinh @& xuét, mot chuong trinh mdy tinh (g
dung cac budc cua mé hinh trén da duoc thyuc
hién. Chuong trinh dugc viét bing ngén ngit
lap trinh Visual Basic 6.0. Viéc thuc hién mo
hinh nhim cb ging tao ra mdt chuong trinh

thin thién va dé sir dung.
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Pé chirng minh tinh chinh x4c ciia md hinh
dua trén thuat toan da nghién ciru, mot vi du
dugc xem xét giai quyét bing chuong trinh nay.

Vi du nay duoc trich tir tai liéu [11]. Vi du
nay duoc gi6i thiéu 1dn du tién boi Feng va
céc cong su (1997) va sau d6 dwoc giai lai boi
Zheng va céc cong sy (2004) bing phuong
phép GA.

Duy 4n bao gdm 07 cong tac, véi quan hé
gilta céc cong tac, cic phuong én thuc hién
clng v6i thoi gian va chi phi truc tiép twong
mg cho tirng phuong dn dugc cho trong bang
(1) sau:

Bing 1. Céc thong s6 ctia du 4n

Cong tic Cong tac trudc Phuong an Thoi gian Chi phi tryc tiép
(Task) (Predecessor) (Options) (Duration) (Direct cost)
1 14 23000
1 - 2 20 18000
3 24 12000
1 15 3000
2 18 2400
2 1 3 20 1800
4 23 1500
5 25 1000
1 15 4500
3 1 2 22 4000
3 33 3200
1 12 45000
4 1 2 16 35000
3 20 30000
1 22 20000
. 23 2 24 17500
3 28 15000
4 30 10000
1 14 40000
6 4 2 18 32000
3 24 18000
1 9 30000
7 5,6 2 15 24000
3 18 22000
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Trong do, thoi gian cé don vi la ngay con
chi phi truc tiép ¢6 don vi 1a ($).

Ngoai ra, chi phi gian tiép cia du 4n dugc
cho 1a 15008 / ngay.

Ta giai bai toan vdi cac thong s cua thuét

todn ACO nhdp vao chuong trinh nhu sau :

Bing 2 Lua chon cac thong s6 cho thuét toan ACO

Théng s (Parameters) Gia tri (Value)
S6 luong kién k 40
S6 vong lap 50
Hésb a 1
Hé s6 B 2
Théng s6 bay hoi p 0.9
do 0.9
Q 1
Néng d6 mui ban dau t, 0

Bang (3) trinh bay so sanh két qua thu
dugc tir chuong trinh ACO-TCO véi két qua

thu dugc cua phuong phiap GA trong tai liéu

[11].

Bing 3 So sinh két qua giira ACO va GA

o GA-based TCO model ACO-TCO model
' Time (day) Cost($) Time (day) Cost($)
1 73 251,500 62 233,000
2 84 251,000 67 224,000
3 66 236,500 63 225,500
4 . - 60 233,500

Tir két qua so sanh, ta thay 1oi giai thu
duge tir md hinh ACO-TCO la tét hon so véi
két qua thu dugc tir [11], va c6 thé néi ACO-
TCO da lya chon dugc nhitng phuong 4n thuc
hién hop 1y cho bai toan.

6. KET LUAN

Trong bai bdo nay, mot thudt toan ti wu

dugc biét dén véi tén goi t6i uu dan kién ACO

da duoc s dung dé thiét lap nén mod hinh
ACO-TCO, tir d6 c6 thé téi wu dong thoi tong
thoi gian va tdng chi phi ciia du 4n. Bing cach
str dung phuong phép trong s thich (g sira
d6i MAWA dé két hop hai muyc tiéu roi rac thoi
gian va chi phi thanh m¢t muc tiéu, mé hinh dé
xudt da tim ra céc tap hop 1oi giai tét nhét cho
bai toan téi uu thoi gian — chi phi TCO. Loi

giai cung cdp cho céc nha lap ké hoach va quan
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ly du 4n mét cong cu hitu hiéu dé co thé rut duoc mot khoang chi phi déng ké cho du 4n.

ngin duoc tong tién do ciing nhu tiét kiém

STUDY AND APPLY ACO ALGORITHM IN TIME-COST OPTIMIZATION OF
CONSTRUCTION PROJECT

Pham Hong Luan'”, Duong Thanh Nhan®
(1) University of Technology, VNU-HCM
(2) Real-estate and Finance Development Joint-stock Company

ABSTRACT: Time-cost optimization problem is one of the most important aspects of
construction project management. In order to maximize the return, construction planners would strive
to optimize the project duration and cost concurrently. Over the years, many researches have been
conducted to model the time-cost relationships; the modeling techniques range from the heuristic
method and mathematical approach to genetic algorithm. In this paper, an evolutionary-based
optimization algorithm known as ant colony optimization (ACO) is applied to solve the multi-objective
time-cost problem. By incorporating with the modified adaptive weight approach (MAWA), the
proposed model will find out the most feasible solutions. The concept of the ACO-TCO model is
developed by a computer program in the Visual Basic platforms. An example was analyzed to illustrate
the capabilities of the proposed model and to compare against GA-based TCO model. The results
indicate that ant colony system approach is able to generate better solutions without making the most of
computational resources which can provide a useful means to support construction planners and
managers in efficiently making better time-cost decisions.

Key words: Ant colony optimization (ACO), genetic algorithm, GA, MAWA, ACO-TCO
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