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TOM TAT: Bdi todn ti wu thoi gian - chi phi la mét trong nhiing khia canh quan trong nhdt ciia
quan 1y duw dn xdy dung. Dé cuc dai héa loi nhugn, cac nha lgp ké hoach xdy dung phdi cé ging tim
cdch t6i wu dong thoi thoi gian va chi phi. Trong nhiéu nam qua, nhiéu nghién ciru da dige thuc hién
nham nghién ciru moi quan hé thoi gian - chi phi, cac ky thudt dirge img dung tir phiong phdp tim kiém,
phwong phap toan hoc cho dén thudt giai di truyén. Trong bai bdao nay, mgt thudt toan 16i wu duyea trén
nén tang cia sw tién héa, voi tén goi t6i wu dan kién (ACO) dwoc tmg dung dé gidi quyét bai todn t6i weu
da muc tiéu thoi gian - chi phi. Bﬁng cdch két hop véi phwong phap trong 0 thich ung swa doi (MAWA),
mé hinh sé tim ra cdc 161 gidi t6i wu. Mé hinh ACO-TCO sé dwoc phdp trién bang mét chiwong trinh
may tinh trén nén Visual Basic. Mot vi du sé duwoc phan tich dé minh hoa kha nang cua mé hinh ciing
nhw so sanh voi cac phwong phap trudc day. Két qua chi ra rcing phuong phap nay co kha nang tim ra
nhiing két quda tot hon ma khéng can sir dung qud nhiéu dén may dién todn, tir dé cung cap mét phwong
tién hitu hiéu dé hé tro cdc nha lap ké hoach va quan ly trong viéc lwa chon nhitng quyét dinh vé thoi
gian — chi phi mot cach hiéu qua.

Tir khoa: Ant colony optimization (ACO), genetic algorithm, GA, MAWA, ACO-TCO.

1. GIGI THIEU dung déu phai hoan thanh khong nhiing ding
thoi gian tién d6 ma phai vugt tién do dé ra .
Véi su ra doi clia cdc sang kién cling nhu ) , ]
) Bai toan i wu thoi gian — chi phi (time-
cac k¥ thuat xay dung hi¢u qua, cac sang kién o
cost optimization — TCO) 1a mot trong nhitng
trong quan ly va cac phuong phap phan phat, . . .
bai todn quan trong nhat cua viéc lap va quan
thoi gian xay dung da dugc cai thién mot cach _ ]
. Iy du an. Cac nha quan ly du an phai lya chon
rd rét trong vong vai thap ky gan day. Trén . ) .
) . ] nhitng nguon tai nguyén thich hgp, bao gom:
quan diém cua chu dau tu, mot du an keét thic . .
. kich c& to doi, vat tu thict bi, may moc... cling
som s€ gitip giam bt khoan ng vé tai chinh va ) ,
L nhu phuong phéap va ky thuét thi cong dé thyc
cho phép ho thu lai nguon von dau tu sém hon. ) .
. i hién cac cong tac cua du an. N6i chung, co6 mot
Mat khac, cac nha thau sé tiet kiém dugc chi . ) o )
, , moi quan hé¢ tuong quan giita thoi gian va chi
phi gian tiép va giam thiéu dugc nguy co lam . . .
; ) phi dé hoan thanh mot cong tac; chi phi thap thi
phat cling nhu s0 lugng nhan céng néu thoi o ) )
, , thoi gian thyc hién cong tac s€ kéo dai, va
gian cua dy an co thé duge rat ngan. Trén co so . . . .
. . nguoc lai. Nhitng bai toan loai nay thuong rat
nay, cac nha 1ap ke hoach va quan ly du 4n deéu . o
o, . ] kho giai quyét boi vi chiing khong ¢ mot dap
c0 gang bao dam rang tat ca cac hoat dong xay
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an duy nhat. Vi vay, nhiém vu cua cac nha
quan 1y dy an 1a phai xem xét, danh gia mot
cach ky ludng nhiéu phuong phap khac nhau
nhdm dat duoc mot két qua céan béng t6i wu
gitta thoi gian va chi phi.

Cac phuong phap dé giai quyét bai toan
TCO hién tai c6 thé duge chia thanh ba nhom:
phuong phap tim kiém (heuristic methods),
phuong phiap quy hoach toan hoc
(mathematical programming models) va cac
thuat toan tdi wu dua trén nén tang cua sy tién
hoa (evolutionary-based optimization
algorithms EOAs). Phuong phap tim kiém la
mot k§ thuat tim kiém dua trén ¥ kién chu quan
clia cia ngudi ra quyét dinh. Cac phuong phap
tim kiém tiéu biéu ding dé giai quyét bai toan
TCO gbém : phwong phap Fondahl (1963),
phuong phap khung (Prager 1963), phuong
phap d6 déc chi phi hiéu qua (Siemens
1971),... Phuong phap quy hoach toan hoc st
dung céac chuong trinh toan hoc nhu quy hoach
tuyén tinh (linear programming_LP), dwoc gidi
thiéu bdi Kelly (1961), Hendrickson and Au
(1989) va Pagnoni (1990) dé mo hinh hoa mébi
quan hé tuyén tinh giita thoi gian — chi phi.
Ngoai ra, quy hoach sb nguyén (integer
programming_IP) dugc gidi thiu boi Meyer &
Shaffer (1963) dé giai quyét ca mbi quan hé
tuyén tinh va roi rac giira thoi gian — chi phi.
Gan day, Burns cing cac cong su (1996) da
phét trién mot mé hinh lai ghép LP/IP nhim
thiét 14p dap an chinh xac cho bit ky khoang
thoi gian mong mudn nao.

Ca hai phwong phap tim kiém va quy

hoach toan hoc déu c6 nhiing diém manh cling

nhu nhuge diém riéng trong viéc giai quyét bai
toan TCO. Tuy nhién, dbi v6i cac du an 16n véi
so d6 mang 16n, thi ca phuong phap tim kiém
cling nhu phwong phap quy hoach toan hoc déu
khong thé dat duoc 16 giai t8i wu mot cach
hiéu qua. Véi muc tiéu dat duoc 101 gidi tbi wu
cho bai toan TCO, nhiéu nha nghién ctru d3 bét
dau kham phé kha ning sir dung cac phuong
phap tién tién, nhe 1a EOAs. EOAs
(evolutionary-based optimization algorithms) 1a
phuong phap nghién cliru dya trén viéc mod
phong qua trinh tién hod cua thé gidi ty nhién
hodc hanh vi x4 hoi ciia cac loai. Trong sb cac
EOAs, GAs (genetic algorithms) - thuat gidi di
truyén - duoc st dung rong rdi nhat nhim thu
muc tiéu trong nhiéu linh. Ching han, Feng va
cac cong su (1997) da phat trién mot mé hinh
GA ma vé co ban 1a sy cai thién mé hinh lai
ghép duge phat minh boi Liu va cac cong su
(1995). Feng va cac cong su (2000) phat trién
mot mo hinh GA cho bai toan can bang thoi
gian-chi phi trong xday dung. Bén canh thuit
giai di truyén, nhiéu k¥ thuat EOA khac liy
cam himg tir nhiéu tién trinh khac nhau trong tir
nhién ciing dd duoc phat trién nhu thuét toan
memetic (Moscato 1989), tdi wu bay dan
(Kenedy va Eberhart 1995)...

Vao diu thap nién 90, mot thuat toan voi
tén goi 7T6i wu dan kién (Ant Colony
Optimization ACO) dwoc d& xudt nhu 1a mot
phwong phép méi trong viée tim kiém 101 gidi
t6i wru cho nhitng bai toan tdi wu da muc tiéu.
ACO lan tién dugc Gmg dung dé giai quyét bai
toan nguoi thuong gia TSP (Traveling
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Salesmen Problem), va gan day n6 da dugc mé
rong va cai tién dé ap dung cho nhiéu bai toan
t6i wru khac nhau.

Bai bao nay s€ di sau nghién ctru va ung
dung thuat todn ACO - 1a mot phuong phéap tim
kiém nén ciing 14 mot dang heuristic - dé giai
quyét bai toan t&i wu da muyc tiéu TCO trong
mot dy an xdy dung. Viéc phat trién mot
chuong trinh may tinh dya trén mo6 hinh thuét
toan dugc nghién ctru, nhdm kiém tra két qua
dua trén sb liéu cia mot dyu an xay dung thyc té,
cling nhu so sanh vd&i nhitng phuong phap
trude day, cling s€ dugc xem xét trong bai bao

nay.

2. THUAT TOAN ACO

ACO (4nt Colony Optimization — Téi wu
dan kién) 1a mot phuong phép nghién ctru lay
cam himg tir viéc md phong hanh vi cua dan
kién trong tu nhién nhim muc tiéu giai quyét
céc bai toan tdi wu phirc tap.

Puogc gidi thiéu 14n dau tién vao nam 1991
boi A. Colorni va M. Dorigo, Gidi thudt kién
da nhan duoc sy chu y rong 16n nho vao kha
nang tdi wu clia nd trong nhiéu linh vuc khac
nhau. Khai niém ACO ldy cam hung tir viéc
quan sat hanh vi cua dan kién trong qué trinh
ching tim kiém ngudn thic an. Nguoi ta di
kham phé ra ring, dan kién luén tim dugc
dudng di ngén nhit tir t6 cta chung dén ngudn
thire an. Phuong tién truyén dat tin hiéu duoc
kién str dung dé thong bao cho nhiing con khac
trong viéc tim duong di hi¢u qua nhét chinh 1a
mui cia chang (pheromone). Kién dé lai vét

mui trén mat dat khi chung di chuyén véi muyc

dich danh diu dwong di cho cac con theo sau.
Vét mui nay s& bay hoi dan va mét di theo thoi
gian, nhung no ciing c6 thé duogc cing cd néu
nhitng con kién khéc tiép tuc di trén con dudng
d6 14n nita. Dan dan, cac con kién theo sau s&
lya chon duong di véi lugng mui day dac hon,
va chiing s& 1am gia ting hon nita ndng dé mui
trén nhiing duong di dugc yéu thich hon. Cac
duong di voi néng d0 mui it hon rét cudc sé bi
loai bo va cudi cung, tit ca dan kién s& cing
kéo vé mot duong di ma c6 khuynh hudng tré
thanh duong di ngén nhit tir t5 dén ngudn thic
an cta chung (Dorigo va Gambardella 1996).

DPé bit chudc hanh vi cia cac con kién
thuc, Dorigo xay dung cac con kién nhén tao
(artificial ants) ciing c6 dac trung san sinh ra
vét mui dé lai trén dudng di va kha nang lan vét
theo néng d6 mui dé lya chon con duong co
néng d0 mii cao hon dé di. Gén v6i mdi canh
(i,j) ndng d6 vét mui 7; va thong s6 heuristic
7; trén canh do.

Ban dau, ndng d6 mui trén mdi canh (i)
duoc khoi tao béng mot héng s6 ¢, hodc duoc

xac dinh theo cong thirc :

m
== ——, (i) (1)
C

Trong do :

. néng d6 vét mui trén canh ij

= m: s6 luong kién

= C™: chiéu dai hanh trinh cho boi
phuong phap tim kiém gan nhét.

Tai dinh i, mot con kién & s& chon dinh j

chwa dugc di qua trong tap lang giéng cia i
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theo mot quy luat phan bd xac sudt dugc xac

dinh theo cong thirc sau:

a s
plf _ [Tii] [772] = je le @)
Z IEN“/( [Til] [771[]

Trong do :

= pl.l; . xé4c suét con kién k lya chon canh ij

= ¢ : hé s diéu chinh anh huéng ciia 1,

= 77, thong tin heuristic giup danh gia
chinh xac su lya chon cia con kién khi quyét

dinh di tir dinh i qua dinhj ; dugc xac dinh theo

cong thirc :
n; =1/djy 3)
* d;j : khodng céch gitta dinh i va dinh j
= B : hésb diéu chinh anh hudng cua ny
= N l.k : tap cac dinh lang giéng cua
i ma con kién k chua di qua
Quy luat nay moé phong hoat dong ctia mot
vong quay x6 s6 nén dugc goi 1a k¥ thuat banh
xe x0 s6.
Cho mét hing s6 0<g,<1 va mot sb 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 Iya chon dwoc mé ta boi cong thuc

sau :
Néu g<q,
a B
_ Jargmax|(e, ) x(n,)
j= IeNf Nguoc “4)
J lai
Trong do :

= g : gia tri dugc lya chon mdt cach ngﬁu
nhién v6i mot xac suit khong thay déi trong
khoang [0,1].

» 0<g,<I: 12 mot hing s cho trudc.

» J:1a mot bién sb ngau nhién duoc lya
chon theo su phan b x4c suit cho boi quy luat
phan bé xéc suét theo cong thirc (2).

Sau khi cling nhu trong qua trinh céc con
kién tim duong di, cdc vét mui (7;,) trén mdi
canh s& dugc cap nhat lai, vi chung bi bién ddi
do qué trinh bay hoi cling nhu qua trinh tich
léty muii khi céc con kién di trén canh do.

Sau mdi vong lip, vét mui trén mdi canh

duogc cép nhat lai theo cong thirc sau:
G = (1-px (0 + D ATH() VG ()
k=1

Trong do :
= 0<p<1 : ty 1€ bay hoi ctia vét mui.
. Al'lf (¢) : luong mui ma con kién k dé

lai trén canh ij, dugc xac dinh nhu sau :

Néu con kién k di
qua canh (i)

Aty =1 f (k) ©)
0 Ngugc lai
= O : la mot hing sd.

= f{k) : gia tri muc tiéu trong mdi vong lap.

3. TOI UU PA MUC TIEU (MULTI-
OBJECTIVE OPTIMIZATION)
Bai toan TCO 1a mét bai toan tdi wu da

muc tiéu. Khong gidng nhu nhimng bai toan tdi
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cach rd rang, t6i wu da muc tidu thich hop ddi

v6i nhitng bai toan ¢6 hon mdt muc tiéu dbi 1ap.

Bai toan TCO duge md ta boi mot chudi 10
giai ma ta khong dé& so sanh, va rat kho néu
khong mudn noi 1a khong thé thu duogc 16i giai
t6t nhat mot cach 16 rang cho tit ca cac muc
tiéu. Mdi mot ham muc tiéu c6 thé dat duge
didu kién t6i wu cua no tai nhimg diém khac
nhau nhd vao sy thiéu hut tiéu chuén théng
nhét v& sy t6i wvu. Do d6, cac nha lap ké hoach
va quéan Iy phai ap dung su danh gia vé mat ky
thudt ctia ho trong viéc lyra chon dap an ot nhét
thu duogc tr mot bo cac dap an t8i wu doc theo
bién Pareto (Zheng va cac cong su 2005).

Puoc trinh bay boi Vilfredo Pareto vao thé
ky 19, khéi niém t6i wu Pareto 1a mot cong cu
dugc chip nhan trong viéce so sanh gitra hai déap
an trong bai toan téi wu da muc tiéu ma khong
¢6 tiéu chuén théng nhit vé sy tbi wu. Cac dap
an nhu thé doi hoi phai hy sinh it nhdt mot muc
tiéu khac khi muén cai thién bat ky mot muc
tiéu nao (Gen va Cheng 2000). Mot dap an (x*)
khong bi trdi boi mot dap an (x) khac néuné co
it nhat mot tiéu chuén tét hon khi so sanh voi
(x). Ving dwoc dinh nghia boi t6i wu Pareto
duoc goi 1a bién Pareto (Pareto front), va muc
tiéu cta t6i wu da muc tiéu 1a thiét 1ap toan bd
bién Pareto cho bai toan thay vi chi c6 mt dap
an don tot nhat.

Dé danh gia sy phu hop cua 10i giai thu
dugc tr m6 hinh, mot ham thich nghi (fitness
function) xem xét dén yéu té thoi gian va chi
phi s& duoc ap dung cho bai toan t8i uu da muc

tiéu TCO.

Phuong phap dugc str dung co tén goi la
phwong phép trong sé thich img sita doi
(Modified Adaptive Weight Approach -
MAWA), dugc Zheng va cac cong sy (2004)
phat trién tir phwong phdp trong sé thich img
(Adaptive Weight Approach — AWA) dé xuat
bdi Gen va Cheng (2000), va dugc st dung
trong viéc ap dung thuat giai di truyén cho bai
toan TCO.

Cu thé, trong phuong phap MAWA, céc
trong sb thich tmg dugc tinh toan theo bdn didu

kién sau:

(1) Néu Z"™™ # Z™ va Z™ = Z™ thi:

Zmin
VC = max - min (7)
Zm 7t
Zmin
Vl = max : min (8)
Zz - Zt
V=V, 4V, ©)
v
w=— (10)
14
V.
We= —= (1)
14

(2) Néu Z™ =Z™ va Z"™ =Z™ thi:
w, =w.=0.5 (12)

(3) Néu Z"™ =Z"™ va ZI"™ = Z™ thi:
w,=0.9 (13)
w,=0.1 (14)

@) Néu Z"™ % Z™ va Z™ = Z™ thi
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wi=0.1 (15)
We=0.9 (16)
Trong 46 :

= Z™: gié tri cuc dai theo muc tidu thoi

gian trong tap hgp cac dap an Pareto thu duogc
ttr vong 1ap cua thuat toan ACO.

. Z,mi": gi4 tri cyuc tiéu theo muc tiéu thoi
gian trong tap hop céc dap an Pareto thu dugc

tir vong 1ap cua thuat toan ACO.

- 7

gia tri cuc dai theo muc tiéu chi

phi trong tap hop cac dap an Pareto thu dugc tir
vong 1ap cua thuat toan ACO.

min cro: <R N .
] ZC : gia tri cyc ti€u theo muc tiéu chi

phi trong tap hop cac dap an Pareto thu dugc tu
vong 1dp cua thuat toan ACO.

* Vv, : gidtritheo tiéu chuén vé thoi gian
* Vv, : gidtritheo tiéu chuén vé chi phi
= v gidtri chody an

LI U trong sb thich ung theo tiéu

chuan vé chi phi
= w, : trong s thich ung theo tidu chuin

vé thoi gian
Sau khi tinh dugc céc trong sb w,, w, tinh

ham két hop thoi gian & chi phi theo cong

thuc :
z™ -z, +y % —z 4y
f(x)=w,x . +w, X A
t max _ o min c max _ min a7
Z Z 4 Z; Z. Y
Trong 46 :
= 7 : hing sb duong ngu nhién nam trong khoang [0,1].

4. MO HINH ACO CHO BAI TOAN TCO
4.1 M0 ta bai toan

Bai toan t6i wu thoi gian chi phi TCO
(time-cost optimization) 1 mot bai toan t6i wu
da muc tiéu, trong do cac dap an la khong duy
nhét. Bai toan TCO tap trung chu yéu vao viéc
luya chon nhiing phuong an thich hop cho tung
cong tac nhim dat duge muc tidu vé thoi gian

va muc tiéu vé chi phi cho du an.

Viéc ap dung thuat toan ACO dé giai quyét
bai toan TCO ¢6 thé dugc minh hoa nhu sau :
Pau tién, ta chuyén ddi bai toan TCO tré thanh
bai toan TSP. Sau do, két hop hai myc tiéu thoi
gian va chi phi thanh m¢t muc ti€u nho vao
phwong phap trong sé thich tng sira dbi
MAWA. Cubi cing, tim kiém 10i giai téi uu
dua trén thuat toan ACO.

Su biéu dién bai toan TCO dudi dang TSP
duoc mo ta trong hinh (1)
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Cong tac 1

Cong tac i

Cong tac i+1 Cong tac num-act

Hinh 1. Biéu din bai toan TCO duéi dang TSP

Mai nut trong hinh (1) biéu thi mot phuong
an lya chon dé thuc hién cong tac. Vi dy, nut
thir j trén cot i (7=0,1,2,...) cho biét ring céng
tac i thuc hién theo phuong an lya chon j. Cot 0
la mot cong tac do dai dién cho diém bat dau
cua dy an. Cac canh trén hinh (1) dugc mo ta
boi mot ma tran voi 3 yéu 6, vi du (i, j;, j2)
miéu ta cong tac thur 7 thuc hién theo lya chon
J1, trong khi cong tac i+1 thuc hién theo lua
chon j,. Mdi dudng di tir cot 0 dén cot num-act
trinh bay mdt phuong an thyc hién cia dy an.
Trén thyc té, viéc giai quyét bai toan TCO la
tap trung tim kiém mot duong di co thé lam
cho cyc tiéu tdng thoi gian ciing nhu téng chi
phi cua du an.

Téng thoi gian va téng chi phi cua dy an
¢6 thé duoc tinh toan 1an luot theo céc cong

thire (18) va (19) sau day :

T = max | )t x® (18)

iel;

Trong do :
] ti(k) : thoi gian thuc hién cong tac thir i

khi thuce hién theo lua chon thir k.

= x* . bién s6 cia cong tac thir i khi
thyc hién theo lya chon thtr k. Néu x* =1 thi
cong tac i thuc hién theo lya chon thir k ; va

nguoc lai néu x;k) =0.

= Tdng cla cic gia tri bién s cua tit ca
cac lya chon phai bang 1.

= L : chudi cong tac trén dudng

dithtk ; L= {in i ..o Gk}

" i : 56 ciia cong tac j trén duong
di thu k
= L : tap hop tit ca cac dudng di

cta so dd mang; L={L;|k=1,2,...m}
= m : 50 ciia cac duong di trong

so d0 mang.
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c=>dex® +T xic® (19)
ieN

Trong do :

] dcl.(k) . chi phi truc tiép cua cong tac
thir i khi thyuc hién theo Iua chon thtr k, bang
v6i s6 lugng clia cac cong tac nhan véi don gia
cua ching.

. icfk) : chi phi gian tiép ciia cong tac

thir i khi thyc hién theo lua chon thir k, c6 thé
tinh toan boi cac chuyén gia bing cach udc
luwong hoac thu duogc tir viéc chia chi phi gian
tiép clia ngan sach theo tong thoi gian ciia hop
ddng.

= N : tip hop cac cong tac trong so dd

mang.

4.2 M6 hinh ACO-TCO

Mo hinh ACO-TCO duge mé ta gdm céc
budc chinh nhu sau :

% Budc 1 : Khéi tao cic ddp dn ban diu

Trudc tién, tAt ca cac con kién nhan tao
duoc dat ¢ nat khoi dau. Tiép theo, tao ra mot
cach ngiu nhién mot dudng di tir nut khéi déu
dén nat két thuc cho mdi con kién. Diéu nay
c6 nghia la mdi con kién s& chon lira mot cach
ngau nhién moét phuong an thuc hién cho mdi
cong tac dé tao ra mot dap an kha thi cho bai
toan TCO.

% Buwéc 2 : Tinh todn tong thoi gian va
chi phi ciia dy dn

Tinh toan tong thoi gian hoan thanh va
téng chi phi du 4n cho mdi dwong di duoc tao
ra béi mdi con kién theo cac cong thuc (18) va

(19).

% Buwéc 3 : Thiét lip ving ddp dn
(solution pool) va tim cdc dip dn tdi wu
Pareto, dat tén la E

Muc dich cua viée thiét 1ap ving dép an la
lam giam viéc tinh toan 1ap lai mét cach khong
can thiét trong sudt qua trinh chay thuat toan.
Khi tao ra mét dap an moi, trude tién s€ tim
kiém trong ving dap an. Néu dap an nay da
xuét hién trong vung dap an, thi loai bo no, néu
khong thi tinh toan gia tri do theo cac cong
thire (18) va (19). Phu hgp véi dinh nghia cac
dap 4n t6i wu cua Pareto, x6a di cac dap an
khong trdi tir viung dap an, phan con lai s& tao
thanh cde ddp dn 16i uu Pareto E.

% Budc 4 : Phin phé'i cdc trong s6 cho
muc tiéu thoi gian va chi phi

Tim céc gia tri Z;naX,Ztmm,ZinaX ,Z:,nin
trong E, sau d6 phan phdi cac trong sé theo
muc ti€u thoi gian va chi phi dua vao cac cong
thirc tir (7) dén (16).

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

Trong qué trinh chuyén dbi hai muc tiéu
thoi gian va chi phi thanh don muc tiéu dudi
dang trong $0, ta s& thu dugc gia tri Kkét hop ctua
muc tiéu thoi gian va chi phi, gia tri nay duogc
sir dung dé stra d6i cuong do mui trén duong di.
Gia trj két hop ctia myc tiéu thoi gian va chi
phi dugc tinh theo cong thirc (17).

% Budc 6 : Tinh todn gid tri cdp nhdt ciia
vét mixi trén méi dwong di sau mgt vong lip

Sau mdi vong 1ap, gia tri cdp nhat cua vét
mui trén mdi canh (i,j1,/,) dugc tinh todn theo

cong thirc sau :
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num _ant

_ k
A, = Z Az, (20)
k=1

Trong do :

= num_ant : tong sb lugng kién

* At,; ; : gia tri cap nhat cia vét mui

trén canh (i,/;,/,) sau mdt vong lap

k EUITEEN AL A .
. Az’i’jl J, gl tri c@p nhat cta vét mui

ma con kién tha k dé lai trén canh (i,/,,/,), dugc

xac dinh nhu sau :

Néu con kién k di

‘ qua canh (i,j1,/2)

Aty =1 Sk (21
0

Nguoc lai

= O :1a mot hing s, dic trung cho luong
mui ma mot con kién dé lai trén duong di.

= f(k) : gia tri két hop cua muc tidu thoi
gian va chi phi cia dap an tht £, thu duoc tur
cong thire (17)

“ Buéc 7 : Cdp nhdt vét mui trén moi

Cudi moi vong lap, cuong do cta vét mui

trén mdi canh dugc cap nhat lai theo quy téc

sau:

Az, (nc+1)=pz,,  (nc)+ Az, . (22)
Trong do :
. ATl.’j_jz (nc) :  vét mui trén canh

(i,j1,/2) sau vong ldp nc

= AT (nc+1): vét mui trén canh

LjisJ2
(i,j1,/2) sau vong lap nc+1

= pel0,1] : 1a mot hé‘mg s6, dic trung
cho ty 1€ tdn tai cia vét mui trude do6 ; nhu vay
1-p dac trung cho sy bay hoi cua vét mui.

% Budc 8 : Tinh todn xdc suit lwa chon
dwong di trén méi canh ciia cdc con kién

Kién lua chon duong di dua trén cuong do
mui va tim nhin cta mdi canh. Do d6, xac suét
lya chon cho mdi canh dugc tinh theo cong

thire sau :

canh
a B
k [z, .1 1.,]
Eoo z 7 . néujelifi @)
Piji.p Z[Ti,j1 ] -[ﬂi,jl,u] k
uelJy (i)
. k _
Nguoc lai, p; ;, ;,=0
Trong d6 : = [ théng sb diéu chinh anh huéng cta
. Pi/fjl,jz : xéc suat dé con kién k Iya i

chon canh (i,/,,/») dé d@i
= ¢ : thong s6 diéu chinh anh huéng ctia

vétmui Az, i

= Ji(i): tap hop cac niit ma con kién k &

nut i chua di qua

T : n@)ng do cua vét mui trén canh

L jisJa

(EJ142)
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" T thong tin heuristic (hay con goi

la tdm nhin) gitp danh gia chinh xac su lua

(ij1,/2), tugng trung cho thong tin cuc by dugc

xem xét trong qua trinh ; dugc xac dinh theo

, L . z . . n Cﬁng thfrc .
chon cuta con kién khi quyét dinh di trén canh
max max (k)

_ de;ly —dc r L —lLig tr

771',]1,]2 =W X de ™ — + w, pmax tmin + (24)
c i+1 ¢ r i+1 i+1 r
Voi : 3
j= {arg uen}?(’?)[(rf,/l,u) x (’7[,]1 b )ﬂ] 25)

de]’y* - gia tri cuc dai chi phi truc tiép J

cua cong tac i+1 theo nhitng lya chon khac

nhau.

- dery

- gi4 tri cuc tiéu chi phi tryc tiép
cua cong tac i+1 theo nhitng lya chon khac

nhau.

n t max

4 - gia tri cuc dai vé thoi gian thuc
hién cong tac i+1 theo nhiing lya chon khac
nhau.

min
ti +1

: gia tri cuc tiéu vé thoi gian thuc
hién cong tac i+1 theo nhiing lya chon khac

nhau.

. dcl.(fl) : chi phi tryc tiép cta cong tac i+1

khi thuc hién theo lya chon thr &

. 0.

+1 - thoi gian thuc hién ctia cong tac
i+1 khi thuc hién theo lua chon thu &

% Buwdc 9 : Lwa chon dwong di cho méi
con kién

Pé lya chon thyc hién mot cong tac, con
kién sé& sir dung thong tin heuristic biéu thi bai
N cling nhu 1a thong tin vé vét mui biéu
thi boi Az, ; . Quy tac Iya chon duge mo ta

baoi cong thirc sau day :

Trong do :

= ¢ : gia tri duoc lya chon mot cach ngiu
nhién v6i mot xac suit khong thay ddi trong
khoang [0,1].

= 0<g,<1: 1a m{t tham $6 cho trudc.

= J: 12 mot bién sb ngﬁu nhién dugc lya
chon theo sw phin bd xac sut cho bdi cong
thue (23).

% Budéc 10 :

Thém dap a4n mdi tr qua trinh vao vung
dép 4n, va cdp nhat cac dap an t6i wu Pareto E.
Lap lai qué trinh tir Budc 4 dén Bude 10 cho
dén khi didu kién két thuc (phuong trinh (7),
(16), (17), (20), (22), (23), (24), (25) ) dugc

thoa man.

5. Vi DU MINH HQA

Dé minh hoa cho tinh hiéu qua cia méd
hinh d& xuét, mét chwong trinh may tinh tmg
dung cac budc cia mo hinh trén da duogc thuc
hién. Chuong trinh dugc viét béng ngén ngir
1ap trinh Visual Basic 6.0. Viéc thuc hién mo
hinh nhim cb ging tao ra mét chwong trinh

than thién va dé sir dung.

Trang 26



TAP CHi PHAT TRIEN KH&CN, TAP 13, SO Q1 - 2010

Dé chimg minh tinh chinh xac ctia mo hinh

dua trén thuat toan da nghién ctru, mot vi du

duogc xem xét giai quyét bang chuong trinh nay.

Vi du nay dugc trich tur tai liéu [11]. Vi du

nay dugc gidi thidu lan diu tién boi Feng va

cac cong su (1997) va sau d6 dugc giai lai boi

Zheng va cac cong su (2004) bing phuong

Du an bao gom 07 cong tac, voi quan hé

gilta cac cong tac, cac phuong an thuc hién

cling v6i thoi gian va chi phi tryc tiép twong

ung cho tirng phuong an dugc cho trong bang

(1) sau:

phap GA.
Bing 1. Cac thong sb ciia du an
Cong tac Cong tac truéc Phuong an Thaoi gian Chi phi truec 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
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 c6 don vi 1a ngdy con
chi phi tryc tiép c6 don vi 1a ($).
Ngoai ra, chi phi gian tiép cua du an duoc

cho 1a 15008 / ngay.

Ta gii bai toan véi cac thong sb ctia thuat

toan ACO nhép vao chuong trinh nhu sau :

Bang 2 Lua chon cic thong s6 cho thuat toan ACO

Thong ) (Parameters) Gia tri (Value)
S lugng kién k 40
Sb vong lap 50
Hé sb a 1
Hé sé B 2
Théng sb bay hoi p 0.9
o 0.9
Q 1
Néng d6 mui ban dau T, 0

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

thu dugc cua phuong phap GA trong tai li€u
[11].

Béang 3 So sanh két qua gitta ACO va GA

GA-based TCO model ACO-TCO model
STT
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

Tu két qua so sanh, ta thay loi giai thu
dugc tir mé hinh ACO-TCO la tét hon so véi
két qua thu duoc tir [11], va co thé n6i ACO-
TCO da lya chon dugc nhitng phuong an thuc
hién hop 1y cho bai toan.

6. KET LUAN

Trong bai bao nay, mot thuit toan tdi wu

duoc biét dén voi tén goi t8i vu dan kién ACO

da dugc st dung dé thiét 1ap nén mod hinh
ACO-TCO, tir d6 c6 thé t6i wu dong thoi tong
thoi gian va tng chi phi cua dy an. Bing cach
sir dung phuong phap trong sb thich tng sira
d6i MAWA dé két hop hai muc tiéu roi rac thoi
gian va chi phi thanh mét muc tiéu, mo6 hinh dé
xut di tim ra cac tap hop 1oi giai tot nhét cho
bai toan t6i wu thoi gian — chi phi TCO. Loi

giai cung cép cho cac nha lap ké hoach va quan
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ly du 4n mot cong cu hitu hi¢u dé co thé rat dugc mot khoang chi phi dang ké cho du an.

ngin dugc 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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