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TGM TAT

Phan tich can bang thari gian - chi phi la mat trong nhitng bai ton
quan trgng nhét cia cong tac |ap k& hoach va kiém soét dy &n xay
dung. Trong sd céc ki thuat dugc &p dung, nham phuong phép
metaheuristic duge danh gig 1 co kha ning manh mé va giai quyt
cd higu qué cao bai toan can bing thai gian - chi phi. Bai bao nay
trinh bay viec xay dung ma hinh tinh cho bai toan tdi vu cén bing
thiri gian - chi phi trén co sé &p dung thuat toan Ralancing
Composite Motion Optimization (BCMO) - mat thuat toan thudc
nham cac phiong phap metaheuristic mai duge gidi thigu gan day
- ket hop vai phuong phap trong sd thich dng cai tign. Mat vi dy
duge phan tich dé minh hoa kha nang cia ma hinh trong viéc tao ra
cc giai phap tdi vu/gén tai vu. Ket qua thu dugc tir thir nghigm s
ciing duge so sanh vai ket qué khi tng dung cac thuat toan khac
nhau da dugc cong b trude day, cho thdy vu diém cia thut toan
trong viéc gidi quyét cac bai toan tai wu phirc tap.

Tir khaa: Can bing thiri gian - chi phi; tdi vu; metaheuristic; phurong
phép traong sd; balancing Compasite Mation Optimization.

ABSTRACT

Time-cost trade-off analysis is one of the most important problems of
planning and controlling construction projects. Among the applied
techniques. the group of metaheuristic methods is evaluated as having
a strong capability and being able to solve in high efficiency the time-
cost trade-off problem. This paper presents the creation of a
computing model for the time-cost trade-off optimization problem
based on applying the Balancing Composite Motion Optimization
(BCMO) - an algorithm belonging to a group of recently introduced
metaheuristic methods - in combination with the Modified Adaptive
Weight Approach. An example is analyzed to demonstrate the model's
capability in generating optimal/near-optimal solutions. The results
obtained from the numerical experiment are also compared with the
results when applying different algorithms which were published
previously, showing the algorithm's advantage in solving complex
optimization problems.

Keywords: Time-cost trade-off, Optimization, Metaheuristic;
Weight approach, Balancing Composite Mation Optimization.

1.GIGI THIEU

Bai toan can bang thai gian - chi phi (tén ti€ng Anh: time-cost trade-
off problem) truyén théng da trd thanh chti dé nghién cdiu chuyén sau
ké tlr khi phét trién phuong phap dudng gang (Critical Path Method -
CPM) vao cudi nhimng nam 1950 [1]. Ban chat clia bai toan la tim cach
gidi quyét mau thuan trong viéc dat dugc ca hai muc tiéu trong mot du
an: thai gian ngén va chi phi thap. Hai muc tiéu nay bij xung dét vi viéc
hoan thanh mét nhiém vu trong khoang thai gian bat budc (rat ngan)
dan dén phai st dung nhiéu chi phi va nguén luc truc ti€p hon. Nhung
mat khéc, n6 dan dén gidm téng thai gian clia du an va cac chi phi gién
ti€p. Su can bang gilra khung thoi gian va chi phi lién quan clia cac
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nhiém vu du an dugc xay dung vé mat toan hoc nhu mét bai toan téi
uu hda da muc tiéu, cu thé 1a hai muc tiéu: thai gian va chi phi (Time and
Cost Optimization - TCO).

Dé& giai quyét bai toan TCO, cac nha nghién ctu da ap dung
nhiéu ky thuat khac nhau. Theo danh gia tur cac tai liéu [2-3], cho
dén nay, cac phuong phép giadi quyét bai toan TCO hién tai co6
thé dugc chia thanh ba nhém: phuong phap tim kiém (heuristic
methods), phuong phap quy hoach todn hoc (mathematical
programming models) va cac thuat toan t6i uu dua trén nén tang
cla sy tién hoéa  (evolutionary-based  optimization
algorithms_EOAs), cling chinh la cac thuat todn metaheuristic.



Nhom céc thuat todn metaheuristic nhu la mot gidi phap dé khac
phuc cac thiéu sot, han ché ctia hai nhém phuong phéap dau tién
da noi & trén [4]. Trong s6 d6, c6 thé ké dén thuat giai di truyén
(Genetic Algorithm - GA) [5-7], thuat toan t6i uu dan kién (Ant
Colony Optimization - ACO) [2,8-9], thuat toan ti€n héa vi phan
(Differential Evolution - DE) [3], thuat toan t6i uu bay dan
(Particle Swarm Optimization - PSO) [10-12], v.v...

Nam 2020, thuat toan Balancing Composite Motion
Optimization (BCMO) dugc nhém tac gid Thang Le-Duc, Quoc-
Hung Nguyen, H. Nguyen Xuan céng b6 trén tap chi Information
Sciences [13]. BCMO la mét thuat toan téi uu héa metaheuristic
mdi dugc xay dung dua trén sy can bdng gilta hai chuyén déng
tim ki€m téng thé va cuc b, da dugc chiing minh la mang lai két
qua ¢ dd chinh xac cao trong viéc xac dinh giai phap t6i uu
trong cac bai toan thi truyén théng va 3 bai toan thiét ké ky
thuat thuc té€. Trong bai bao nay, thuat toan BCMO dugc phat
trién cho céac bién r&i rac két hgp véi phuang phap trong sé thich
Ung cai tién (Modified Adaptive Weight Approach - MAWA) dé
gidi quyét bai toan TCO cho nhitng dy an khéng lap lai trong xay
dung.

2. TO1 UU PA MUC TIEU, BAI TOAN TCO VA PHUONG PHAP
TRONG SO THICH UNG CAI TIEN

2.1. T8i uu da muc tiéu (Multi-Objective Optimization)

Dang toan hoc cda bai toan t8i uu da muc tiéu dugc phat biéu
nhu sau:

Tim tap X=(x1,x2,...,xD); véi XERD;
Sao cho cac ham f (X) —> t6i uy;
Véi k=1,2,....K; (K 22) (1)

Trong thuc té cac ham muc tiéu thudng xung dot vai nhau,
c6 nghia la tat cd Kham muc tiéu khéng thé dat cuc tri dong thai.
Nhu thé mot nghiém tét nhat cho bai toan 1a khong dé xac dinh.
Mot I6i gidi dugc cho la tét nhat thudng la su thoa hiép gilia cac
muc tiéu va phu thudc vao ham muc tiéu dugc danh gia la quan
trong nhat. Vi khéng thé so sanh dan gian cac giadi phap véinhau,
nén gidi phap "t6t nhat" dugc tao ra ti viéc t6i uu héa sé tuong
Ung vdi lya chon chd quan cla ngudi ra quyét dinh tor mot tap
gidi phap tiém nang, xét vé dac diém cu thé cla ching. Tap giai
phép t6i uu tiém nang nhu vay dugc goi la bién Pareto (Pareto
front) va muc tiéu cta t6i uu hda da muc tiéu la thiét 1ap toan bo
bién Pareto cho bai toan thay vi mét giadi phap tét nhat [5,14].

2.2. Bai toan TCO

TCO la bai toan t6i uu hai muc tiéu, la méi quan hé can bang
gilta thai gian va chi phi. Trong qua trinh lap ké hoach hodc trong
trudng hgp bi cham tré, ngudi quan ly du an can phai can bang
gilta thai gian va chi phi cla du an dé€ nang cao hiéu qua téng
thé. N6i cach khac, trong qua trinh t8i uu héa tuong Ung, ngudi
ta c6 géng xac dinh phuong an thuc hién tirng cong tac clia dy
an xay dung bao gébm M cong tac dé dat dugc lich trinh téi uu,
cung nhau dan dén thai gian du an va téng chi phi ctia dy an la
t&i thi€u. Do do, bai toan can bang thai gian - chi phi dugc diéu
chinh dé& xéc dinh tap hgp cac phuong an thai gian - chi phi sé
cung cdp lich trinh t&i uu. Thdi gian va téng chi phi cda cac muc
tiéu dy an dugc tinh lan lugt theo cac cong thic (2) va (3) [2] nhu
sau:

T = max z ti(k)xfk) (2)

iel;

trong d6 1) 1a thei Iugng ctia cong tac i khi thuc hién phuong

anthik, x ) 1a bién chi s6 ctia cong tac i khi thyc hién phuong n

(k) _

thu k: xl-(k) =1 khi i thuc hién phuong an k va Xx; 0 trong

k
cac trudng hgp con lai, véi Z xi(k) =1. Lk la chudi cong tac trén
i=l
dudng xuyén mang (trong so d6 mang, d6 dudng néi cac céng viéc,

tirkhdi déu dén két thic dyan) thikva L = {ij,ipg s it }»
trong do6 ijk biéu dién thu tu clia cong tac thij trén dudng xuyén
mang tht k. L 1a tap tat ca cac dudng xuyén mang va
L= {Lk |k =1,2,... ,m} trong dé m la téng s6 dudng xuyén

mang.
k) (k . (k
C:chl-( )x§)+T><zcl-() 3)
ieM
o5
trong d6 ! la chi phi tryc ti€p cta coéng tac i khi thuc

(k)

hién phuong an thirk, “S 13 chi phi gian tiép cda cong tac tha
i khi thuc hién theo phuong an thi k, c6 thé tinh toan baéi cac
chuyén gia bang cach udc lugng hoac thu dugc tir viéc chia chi
phi gian tiép clia ngan sach theo téng thai gian ctia hgp doéng;
M la tdp hgp cac céng tac trong mang.

2.3. Phuang phap trong sé thich ting cai tién

Phuong phép trong s6 la viéc géan trong sé cho tiing ham
muc tiéu va két hgp ching thanh mét ham don déi tugng, duoc
Zadeh [15] dé xuat lan dau tién vao nam 1965. Phuong phap
trong sé thich iing (Adaptive Weight Approach - AWA) dugc Gen
va Cheng [16] dp dung vao bai todn TCO trong xay dung nam
2000. Tuy khéc phuc dugc diém yéu cla cac cach tiép can thong
thudng, nhung AWA ctia Gen va Cheng van con mot s6 ton tai.
Phuong phap trong sé thich (ng cai tién (Modified Adaptive
Weight Approach - MAWA) do Zheng va céng su dé xuat nam
2004 [5] d€ gidi bai toan TCO trén cc s& thuat todn GA. Mot s6
tac giad sau nay khi giai bai toan TCO bang cac thuat toan khac
cling st dung MAWA cla Zheng [2-3,6].

Noi dung clia MAWA c6 thé tém tét nhu sau:

Véi ky hiéu: YZ)bj la gia tri ham muc tiéu téng thdi gian; Cobj

la gi tri ham muc tiéu téng chi ph;

v max min max min
+Neu obj # obj & obj # obj
min min
obj obj
V=t oy =
max _ -min max _ ~min
( obj obj ) ( obj obj )
V=V, +V,;
\% \%
__t. C .
Wt =—, Wc —,
v \%
. max __ -omin max _ ,~min
tNeu Lopi =1opi & Copi = Lppj

ISSN 2734-9888 | 01.2023 XAYDUNG |123



NGHIEN CUU KHDA HOC

max min max _ ,~min
obj # obj & obj — “obj

w, =0,1; w, =0,9;

min max min
& obj # obj

+ Néu

« max _
+ Néu TObj = Obj
w; =0,9; w, =0,1.

Khi d6 bai toan TCO dugc viét duéi dang:

T =T, + o =Copi +
_ obj obj v obj obj Y
f (x) =W max _ -mmin tWe max min (4)

obj obj +7 obj  “obj +7

Trong cong thuc (4):

f(x) - gia tri méi cia ham cho méi ca thé khi chuyén thanh
mot muc tiéu;

T;zljgx s ;%?X - gi tri I6n nhét ctia ham thai gian va gia thanh
trong tap cac phuong an chon (quan thé dang xét);

Ty Copj -9ié trinhé nhét ctia ham thai gian va gia thanh
trong tap cac phuong an chon (quan thé dang xét);

W, W, -trong s6 tuong Ung véi ham théi gian va gia thanh;

Tobj - téng thdi gian tng véi moét nghiém {X} nao do cua tap
nghiém dang xét;

Cobj - téng gia thanh Ging v&i mot nghiém {X} nao dé cla
tap nghiém dang xét;

¥ -6 ngau nhién phan bé déu trong khoang [0, 11.

Tao quin thé ban d&u ¥(0,0, FO0
S3p X &p X0, theo gid tr F (0L,
=1

'

Thiét Bp vector thir Lt
Tires gidh tri X(0w

!

Giam M, 1) = X{On';
¥yv=X. Fi=F; =2

'

Timvi tri rodi ciia céc od thé thir i
), X i=ie1

Sai

i=NP

Bdng

Tinhva sdp xép gid tri F L)

Hinh 1. So do thudt todn BCMO
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3. THUAT TOAN BCMO

BCMO dugc phat trién dua trén gia thiét rang giai phap/nghiém
t6i uu c6 thé tim dugc trong khéng gian tim kiém trong khi chuyén
dong tim kiém cula cac giai phap ng vién la nhu nhau trong tim
kiém téng thé cing nhu tim ki€ém cuc bé. Nhing gia thiét nay cho
phép cac gidi phap Ung vién tot nhat trén moi thé hé tang cudng
tim ki€ém trong khéng gian cuc bé ban dau hodc chuyén sang khéng
gian cuc bo khac dé ti€p tuc tim kiém. Mét mé hinh toan hoc xac
suat dugc tao ra d€ quan ly su di chuyén cda tiing ca thé. Khi mébi ca
thé dat dugc su can bang gilra chuyén déng tim kiém va khai thac
cla no, thi khd nang tim kiém clia toan bd quan thé ciing c6 thé
dugc can bang, do d6 c6 thé dat dugc gidi phap téi uu.

BCMO dugc tién hanh theo ba budc sau:

- Budc 1: Tao quan thé ban dau.

Giéng nhu cac thuat toan téi uu Metaheuristic khac, quan thé
ban dau ctia BCMO dugc hinh thanh theo luat phan b6 déu trong
khéng gian nghiém theo cong thuc sau:

L U L
X; =X; +rand(l,d)><(xl~ —X; ) (5)
trong d6 x!,x¥ Ia gigi han trén va gidi han duéi ca bién thu i;

rand (1,d) lavector cé d616n d thda man luat phan bé déu trong

khoang [0,1] va d la s&6 tham s6 dau vao.
- Budc 2: Xac dinh diém téng thé hién tai va ca thé t6t nhat.
Trong budc nay, véc ta chuyén ddng cla ca thé thi i trong méi

thé hé doi véi diém t6i uu tong thé O, dugc ky hiéu la v; c6 thé
dugc tinh nhu sau:

trong d6 V ; la chuyén déng cla cé thé thit j trong méi thé hé

déi véi diém O, Vi la chuyén dong tucng déi clia ca thé i so vai

cathéj.

Nhu vay, V; sé dugc tinh phy thudc vao hai diém trong d6 c6

diém O la nghiém cda bai toan nhung chua dugc xac dinh. D& khic
phuc tinh trang nay, cac tac gid cla thudt todn dua ra khai niém

“diém t6i uu téng thé thay thé”, ky hiéu la Ol-n va c6 thé nhan dugc
tU cdng thic (7) sau day:
o i f(uf)<s(x)

in -1 i
X otherwise

7

trong dé ca thé t6t nhat cha thé hé hién tai ult dugc tinh toan
dua trén théng tin quan thé clia thé hé trudc:

LB+UB
t == Viuka ¥ Vi 8)

u

vGi LB, UB lan lugt la can dudi va can trén cta khéng gian tim
kiém; V;cl/kz va V22/1 tuong ung la cac chuyén dong gia tuong
doi clia ca thé klth doi véi ca thé kéh va cla cé thé kéh déi vai ca
thé t6t nhat truéc d6. k; dugc chon ngau nhién trong khoang
[2, NP] va ky < kj (NP:s6 ca thé trong quéan thé).

- Budc 3: Tinh toan chuyén déng téng hgp cla ca thé trong
khéng gian nghiém.



& budc 3, chuyén dong tim kiém téng thé V; dugc xac dinh
nhu sau:

v; =aj(x0m —xj) 9)

trong do aj la dao ham béc nhét clia khodng cach gita O,

va ca thé thitj, duoc tinh nhu sau:
o; =Lggxdv, (10)

v6i Lg la chiéu dai budc chuyén dong tim kiém t6ng thé cua
cathéthuj; de la vector chi phuang, dau ctia né la am hay duong

V@i xac sudt bang 0,5.

Tuong tu, véi cac cdng thic (9) va (10), ta tinh dugc chuyén dong
tuong déi clia ca thé thit i d6i vai ca thé thi j:

Vi =0y (xj—x,-) (7)

Cudi cling, vi tri cGa ca thé thit i & thé hé tiép theo duoc tinh béi
cong thic (11) nhu sau:

g+1

i :X§+Vi/-+v- (11)

JTY
So dé nguyén ly hoat dong clia thuat toan BCMO dugc biéu dién
trén hinh 1.

X

4. MO HINH BAI TOAN TCO SU DUNG THUAT TOAN BCMO
KET HOP MAWA

Trén cg s@ trinh tu va so dé thuat toan BCMO néu trén, cac noi
dung co ban khi ting dung thuat toan BCMO két hgp MAWA cho bai
toan TCO nhu sau:

- Budc 1: Xay dung quan thé ban dau véi NP ca thé. Trong bai
toan TCO, cac bién tham gia la cac cdng tac, nhan cac gia tri rdi rac
trong pham vi s6 Iua chon c6 thé cho méi cng tac kz" Céng thuc
(5) dung cho céc bién lién tuc sé dugc chuyén d8i dé tinh véi cac
biénrsirac: X; = randi (ki ) .Tuong Ung sé c6 dugc thai gian va
chi phi cho tling céng tac thanh phan. Sau khi dugc NP ca thé phu
hap, quan thé ban dau X[O,i] dugc xdy dung xong. Tinh 7,,; va

C ,. cOa cac ca thé theo cac biéu thic (2) va (3). Xac dinh

obj
orlr,;?x & ;rl?x va orlr;n fnb]n clia quan thé réi tinh trong s6

W;, W, theo MAWA. Tinh gia tri ham muc tiéu F(0,i) cho méi
cé thé theo cong thuc (4) va sdp xép X[O,i] theo thu tu gia tri
F(0,7). Luuy tinh chat cia ham f(x) theo (4) cGa bai toan TCO
délay F(0,i) langhich déo cia f(x) cho phu hgp véi cac mo ta
trong thuat toan & muc 3.

- Budc 2: Thiét lap vector thit U theo cong thuc (8). Tinh Ty va

Cobj cla Uf réi tinh gia tri ham muc tiéu F(Uf) VGi cac trong s6 &

trén. Xac dinh diém t6i uu téng thé thay thé O,

mn

theo cong thuc (7).
- Bu6c 3: Cho X (1,1) nhan gié tri X(Ofn).T.'nh todn chuyén

déng téng hap clia ca thé trong khéng gian nghiém dé tim vi tri méi
cla cac ca thé tir 2+NP. Tinh trong s clia quan thé mdi theo MAWA
r6i tinh gia tri ham muc tiéu F(¢,i) cho méi ca thé va sip xép theo

thutu gid tri F(¢,0).

Budc 2 va budc 3 nam trong vong lép vai s6 lan lp £, dugc

du kién trudc. Néu diéu kién diing thoa man thi két thac tinh toan
va in két qua cudi cung.

5.ViDU SO

5.1. 56 liéu cua bai todn

Trén cg s& mé hinh tinh nhu trén, cac tac gia lap trinh dé co
chuong trinh tinh (dat tén 1a TCO_BCMO) va tinh toan cu thé cho bai
toan 7 céng tac da dugc giai bang cac thuat toan GA [5], ACO [2] va
DE [3]. So d6 mang cua bai todn nhu trén hinh 2, s6 liéu vé thai gian
va chi phi lién quan téi cac lua chon clia tiing céng tac clda du an
dugc cho trong bang 1. Bén canh do, chi phi gian tiép dugc gia dinh
la 1.500$ mdi ngay.

2 5

Lap dymg vén - £ béthng
| khwin cot thép midng, ¢t
1 . 3 / 7

Chuén bi mét bang Tl Béo ming Lip dung dim

\ 4 6 /

San xuét dim bé - -

tng dic s3n Wan chuyen dam

Hinh 2. So d6 mang clia bai toan vi du s6

Bang 1. Cac lya chon cdng viéc cla bai toan vi du sé

ID Luachon  Thaigian (ngay)  Chi phi truc tiép ()
1 14 23.000
1 2 20 18.000
3 24 12.000
1 15 3.000
2 18 2.400
2 3 20 1.800
4 23 1.500
5 25 1.000
1 15 4.500
3 2 22 4.000
3 33 3.200
1 12 45.000
4 2 16 35.000
3 20 30.000
1 22 20.000
5 2 24 17.500
3 28 15.000
4 30 10.000
1 14 40.000
6 2 18 32.000
3 24 18.000
1 9 30.000
7 2 15 24.000
3 18 22.000

& bai toan nay, trong bai bao [2] da chi ra diém ly tudng z~
(di€ém dong thai cé thoi gian ngdn nhat va chi phi thdp nhat) va

diém khong mong mudn nhét z* (diém déng thai c6 thai gian dai
nhat va chi phi I6n nhat): z (time, cost) = (60, 220.500);
z" (time, cost) = (105, 323.000).
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5.2. Két quad va ban ludn
Chay chuong trinh TCO_BCMO véi cac tham s6 dugc thiét lap
nhu sau: s6 ca thé trong quan thé NP=30, s6 lan |ap 50. Két qua giai

Bang 2. Két qua giai bai toan theo GA, ACO, DE va BCMO

bai toan theo thuat toan BCMO va so sanh véi két qua tir cac thuat
gidi khac dugc trinh bay trén bang 2.

STT TCO_GA [5] TCO_ACO [2] TCO_DE [3] TCO_BCMO
Thai gian Chi phi Thdi gian Chi phi Thdi gian Chi phi Thuéng Thai gian Chi phi
1 66 236.500 60 233.500 60 223.500 10.000 62 233.000
2 73 251.500 62 233.000 61 225.000 9.000 63 225.500
3 84 251.000 63 225.500 63 220.400 7.000 67 224.000
4 67 224.000 63 218.500 7.000 68 220.500
Dai vai két qua clia nghién ctu vai thuat toan DE [3], cac 1oi gidi 6. KET LUAN

nhan dugc véi su b6 sung rang budc: d6 1a thdi gian du an khéng
vugt qua 70 ngay (thsi han hgp déng) va thudng-phat cho hoan
thanh du an sém hodc mudn la 1.000$/ngay. Do d6, théng tin vé cac
két qua ctia TCO_DE khi dua vao trong bang 2 phai thém cét tién
thudng dé cong thém vao chi phi khi so sanh vai két qua tir cac thuat
toan con lai. Tuy nhién, cing dé nhan ra rang, do tac déng clia diéu
kién thai han hgp déng, cac phuong an nhan dugc ti TCO_DE déu
thién vé thai gian ngan nhat (60, 61 va 63 ngay) va no tuong déng
véi TCO_ACO & hai phuong an 60 va 63 ngay.

Tu bang 2 cho thay TCO_ BCMO cho cac két qua tuong tu nhu
TCO_ ACO va déu la cac két qua thudc bién Pareto. Tuy nhién,
TCO_BCMO chua thdy cho phuang an 60 ngay (thdi gian ngdn nhat
c6 thé). Ngugc lai, né cho phuong an 68 ngay vai chi phi 220.5009,
c6 tap cac lya chon cong viéc [1,1,1,3,4,3,1] tuong Ung vdi thai gian
cac cong viéc [14,15,15,20,30,24,9]1(ngay) va chi phi cac cong viéc
[23.000,3.000,4.500,30.000,10.000,18.000,30.000]($). Trong diéu
kién khong co6 rang budc vé thai gian hgp déng va chi phi thudng-
phat, day la phuang an véi thoi gian tuong déi ngan va cé chi phi
thap nhat.

Bang 3. Két qua giai bai toan khi co rang budc thai han hop
déng va thudng-phat

STT TCO_DE TCO_BCMO

Thdai gian Chi phi Thai gian Chi phi
1 60 223.500 60 223.500
2 61 225.000 61 225.000
3 63 220.400 63 220.400
4 63 218.500 63 218.500
5 65 222.900
6 67 221.000
7 68 218.500

Thi nghiém chay chuong trinh véi cac diéu kién thém vao vé
thai han hgp déng kém theo thudng-phat, ching t6i cing nhan
dugc két qua tuong ty nhu ctia TCO_DE (xem béng 3), nghia la khi
d6 xuat hién phuang an 60 ngay va thién vé cac phuang an c6 thoi
gian ngan nhat (60, 61 va 63 ngay). Cac phuong an dai ngay hon (65,
67,68 ngay) xuat hién nhung véi tan suat thap. Trong s6 cac phuang
an ma TCO_BCMO dua ra, c6 thé danh giad phucng an 68 ngay vdi
chi phi 218.500$ la phuang an cé y nghia thuc té cao, bdi vi n6 van
nam trong thai han hgp déng, co chi phi thap (bang véi phuong an
63 ngay) nhung nha thau lai khéng bj cing thdng vé thai gian thuc
hién.

Vi khéng c6 diéu kién dé lap trinh va chay cac chuong trinh khac
trén cung mot nén tdng may tinh nén & day khong so sanh vé téc
d6 tinh toan. Tuy nhién, tir cac tham sé dugc thiét lap néu trén cling
¢6 thé danh gia rang BCMO trong bai toan TCO tuong duang vdi cac
thuat toan khac vé toc d6 tinh toan.
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Vi su can bang gitia tim ki€ém téng thé va cuc bd, BCMO la mot
thuat toan t6i uu day hua hen, dac biét trong trudng hgp cac ham
t6i uu vai cac bién thiét ké 16n. Trong thuat toan khong dung tham
s6 diéu khién qua trinh tim nghiém, do vy tao diéu kién thuan lgi
cho ngudi dung. Viéc ap dung thuat toan BCMO vao giai bai toan toi
uu can bang thai gian - chi phi véi cac két qua trén da cling c6 thém
nhan dinh vé kha nang va uu thé cla thuat toan. Cac phuong an
dugc dé xuat tir mé hinh TCO_BCMO la phu hgp va c6 phan hogp ly
hon két qua thu dugc ti cdc md hinh metaheuristic khac. Diéu do
cho phép ky vong vao su phat trién cta thuat toan dé giai cac bai
toan phuc tap hon trong cac linh vuc khac nhau.
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