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BIM két hop t6i wu héa da muc tiéu hd tro ra quyét dinh lwa chen nha thau
thi cdng cdng trinh nha cao tang

BIM combines multi-objective optimization to support decision-making in
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Trong moi truong kinh doanh khéc nghiét nhu hién nay, cac
cong ty xay dung mudn gitr vitng duoc vi tri cia minh dong thoi
c6 thé phat trlen mot cach hiéu qua so véi cac dbi thu canh tranh
thi cac cong ty can phai ddc biét quan tim va phai giai quyét dugc
bai toan chi phi va tién do. Viéc cua cac nha quan 1y 1am sao c6 thé
khai thac dugc hiéu qua céc chirc nang cua BIM va tng dung no
dé giai quyét cac van dé vé chi phi ciing nhu 13 tién do trong linh
vuc xay dung. Mdi nha thau thi cong s& c6 kha nang thuc hién thi
cong khac nhau. C6 nha thau thi cong nhanh nhung chi phi lai cao,
ciing c6 nha thau thi cong véi chi phi thap nhung tién do thi cong
lai chdm. Vi vy muc ti€u chinh cta nghién clru nay la tmg dung
BIM va thuat toan toi wu hoa dé lua chon cac nha thau thi cong
cong trinh nha cao tang. Két qua nghién ctru ny gitp cic nha quan
1y dua ra duge quyét dinh cho viéc lya chon nha thau thi cong cong
trinh nha cao tang mot cach dé dang hon.

ABSTRACT

In today’s harsh business environment, construction
companies want to maintain their position and develop effectively
compared to competitors, and companies need to solve the problem
of cost and schedule. It is the job of managers to effectively exploit
the functions of BIM and apply them to solve the problems of cost
and schedule in the construction field. Each construction contractor
will have the ability to perform different construction. Some
contractors build fast, but the cost is high, there are also contractors
with low construction costs, but the construction progress is slow.
Therefore, the main objective of this study is to apply BIM and
optimization algorithms to select contractors for high-rise buildings.
The results of this study help managers make decisions regarding
selecting contractors for high-rise buildings more efficiently.

1. Giéi thiéu

Quan ly tién d6 va chi phi dong vai tro quan trong quyét dinh sy thanh céng cua du an dau
tu xdy dung. Viéc nang cao hiéu qua trong quan ly tién do va chi phi la van dé cbt 18i cia moi nha
thau, nham tiét kiém thoi gian, nguyén vat liéu, nhan céng, may mac, thiét bi, ting niang suét lao
dong, ... Viéc dam bao tién do va tiét kiém chi phi s& lam ting loi nhuan caa nha thau, bén canh
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d6 sé tao uy tin ddi v6i chu dau tu va nang cao vi thé canh tranh caa nha thu trén thuong trudng.
Trong thoi dai 4.0, nén cong nghiép xay dung trong nude dang d6i mit vai nhitng kho khan va
thach thirc nhat dinh. Chi phi va tién do I hai trong nhiéu yéu t6 quyét dinh su thanh cdng cua du
an dau tu xay dung & bat ky cong ty hay doanh nghlep ndo. Hién tai, da s6 nhirng nha quan 1y du
4n hay nha thau dya vao kinh nghiém dé dua ra quyet dinh lya chon phuong phap thi cong xay
dung. Tuy nhién, phuong phap nay thiéu tinh nhat quan va cé thé dan dén lang phi tai nguyén
khdng can thiét hodc vuot qua thoi gian cho phép cua du 4n. Do d6, nghién ciru nay khai thac sirc
manh ctia may tinh va c4c thuat toan tién hoa dé xay dung mo hinh tim kiém da muc tiéu hd tro
dua ra quyét dinh lua chon nha thau.

Theo Cheng va Prayogo (2014), ky thuat téi wu héa 1a mot linh vyc nghién cau ddy thach
thire da thu hat sy chi y ngay cang cao trong nhung thap ky gan day Phuong phap t6i wu hoa dya
trén cac thuat toan da duoc phat trién dé giai quyét cac van dé tdi vu héa ki thuat khac nhau. Co
nhiéu phuong phap da duoc dé xuat dé t6i wu bai toan thoi gian, chi phi bang cach chon t6 hop toi
wu cac phuong an thi cong cho cac cong viéc. Cac phuong phap dé giai quyét bai toan téi wu thoi
gian va chi phi gém co6: Phuong phap toan hoc str dung cac chwong trinh quy hoach tuyén tinh -
Linear programming, Phuong phap tim kiém - Heuristic-based approaches (Meyer & Shaffer,
1963). Nhleu thap ky gan day, cac nha khoa hoc trong nudc va qudc té da su dung cac thuat toan
dira trén nén tang tién hoa - evolutionary - based optimization algorithm. Ching han, Pham va
Duong (2010) nghién ctu tng dung thuat toan ACO t6i wu thoi gian va chi phi cho du an xay
dung. Pham (2009) xay dung phan mém WinQSB t6i wu thoi gian va chi phi cia phan ngam duy
an diéu hanh dién luc Pa Nang. Yang (2007) phét trién thuat toan bay dan toi vu da muc tiéu. Ng
and Zhang (2008) dwa ra thuét toan da muyc tiéu dwa vao thuat toan dan kién dé tdi wu bai toan thoi
gian va chi phi. Van dé téi wu hoa can bang ddng thoi chi phi va thai gian trong qua trinh 1ap ké
hoach thi cong xay dyng théng qua viéc lya chon bién phap thi cdng la mot trong nhirng nhiém vu
quan trong cua nha quan ly du an.

2.1. Téi wu héa da muc tiéu

Bai toan téi wu hoa da muc tiéu lién quan nhiéu ham muc tiéu d6i 1ap nhau va c6 mot tap
t6i wu. M6 hinh bai toan t6i wu da muc tiéu gdm mot véc-to bién, cac ham muc tiéu va cac rang
budc lién quan. Nguoi ra quyét dinh s& cuc tiéu héa (hodc cuc dai héa) cac ham muc tiéu
(Karaboga, Gorkemli, Ozturk, & Karaboga 2014). Bai toan t6i wu hoa da myc tiéu duoc mo hinh
toan hoc nhu sau:

Min £ () =[ £,(X), £, (X)..o. £ (X)]

Cuc dai hda: xep 1)
Rang buoc: 9,(X)=0; i=1..,m (2)
hj(X)=0, i=1...,p 3)

- (X|g(x)= 0, (x)=0) @

Trong d6 f(X) la ham muyc ti€u, k 13 ) lugng ham muc tiéu. Mdi ham muyc tiéu co thé
duoc cuc tiéu hodc cuc dai hoa. g, (X)la cac rang budc khong can bang, h (X)la cac rang buc can
bang. m va p tuong ng 1a sd luong cac rang budc khong can bang va can bang. Giai phap t6i wu

X (X)X, ,..., X ) 1a Véc-to gom n bien trong mién kha thi D. Muc dich cua bai toan toi uvu da muc
tidu 1a x4c diinh nhimng véc-to X tir trong mién kha thi D nhiam tao ra cac gia tri ti uru ctia cac ham
muc tiéu dong thoi thoéa man cac rang budc trén.
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Ham muc tiéu 1

Ham muc tiéu 2 f;
Hinh 1. Minh hoa v& tinh vuot troi va tap tdi vu
2.2. Thudt todan céng sinh (Symbiotic organisms search)

Trong qué trinh phat trién mdi sinh vat s& thu duoc nhiing loi ich tir viéc twong tac véi
nhau (Cheng & Prayogo, 2014; Coello, Lamont, & Van Veldhuizen, 2007) thdng qua 03 giai doan:

- Giai doan twong hd (Mutualism phase): Giai doan ma mot sinh vat dang phat trién mbi
quan h¢ co loi cho ban than va cho ca sinh vat khac.

- Giai doan két hop (Commensalism phase): Giai doan ma néu cac loai trong vai tro la loai
song hoi sinh s& c6 1¢1i, con loai dugc hoi sinh s€ khong c6 191 cling khdng c6 hai.

- Giai doan ky sinh (Parasitism phase): Giai doan ma mot sinh vat dang phat trién méi quan
hé c6 1g1 cho ban than nhung gay hai cho sinh vat khac.

Nguyén tac chinh ciia mdi giai doan chinh 14 dic tinh cta sy twong tac trong quan thé. Mdi
sinh vat tuong tac voi cac sinh vat khac mot cach ngau nhién qua tat ca cac giai doan. Trong quéa
trinh twong tac sinh vat nhén duoc loi ich s& tién hoa, sinh vét bi hai s& chét. Phan 16n cac thuat
toan siéu hinh déu 4p dung mot chudi cac phép toan cho ra chudi cc giai phap trong mdi vong lap
dé tao ra cac giai phap méi cho lan 1p tiép theo hidu qua hon trude. Mdi giai phap duge danh gia
thong qua cac ham muc tiéu, cac ham muc tiéu ciing thay ddi theo tirng van dé ctia bai toan cu thé.
Qué trinh nay duoc lap lai cho dén khi cac tiéu chi dugc dap Gmg. Cac giai doan trén dugc trinh
bay phat thao nhu Hinh 2.

Tao lap dit iéu déu vao

-
L
A

v

Khéi tao quén thé

I

Xac dinh ca thé co6 do twong
thich t6t nhat (Xbest)

‘ Giai doan tirong hd

‘ Giai doan két hop ‘

v

‘ Giai doan ky sinh ‘

=

Ham muc tiéu 1

S Ham muyc tiéu 2 f
— icu kién dirng P

‘ Tap téi wu }

Hinh 2. Céc giai doan cua thuat toan
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2.3. Vai dong vé BIM

Khi n6i vé BIM nhiéu ngudi nghi don gian n6 1a mot phan mém. Thyc té cong nghé BIM
khong bé hep trong viéc dién ta mot thiét ké kién trac hay vi¢c tao ra mdt mo hinh ba chiéu trinh
bay phéi canh cia cong trinh sau khi di dugc thiét ké. BIM khong don thuan chi 1a mot mo hinh
3D. M6 hinh nay, dugc goi 1a mo hinh thong tin xay dung, c6 thé duoc st dung dé lap ké hoach,
thiét ké xay dung va van hanh. BIM gitp cac kién trtc su, k¥ su va nha thau hinh dung dugc nhing
gi s& duoc xay dung trong mot moi truong mod phong dé xac dinh bat ky van dé vé thiét ké, xay
dung va van hanh. Phan mém (Revit, Navis, ...) don gian chi 1a co cAu dé tién trinh BIM duoc
thuc hién. M6 hinh thong tin 12 mot trong nhitng xu huéng mai trong nganh xay dung, BIM chtra
dung nhitng thay d6i mang tinh cach mang trong viéc thong tin ciia cong trinh xay dung.

2.4. Phwong phdp nghién ciru

V6i mong mudn lam rd nhitng muc tiéu nghién ctru bang mot truong hop cu thé, nhom tac
gia s& ap dung vao mot dy an thyc té trén dia ban Thanh phd Ho Chi Minh. Tuy nhién, vi tinh bao
mat trong kinh doanh, nghién ctru khong néu tén cong trinh nay, thay vao d6 nhom tac gia s dung
tén X dé goi thay thé (Du 4n X). Chinh vi vay, mot s6 hoat dong ma c6 anh huong dén qua trinh
thuc hién du 4n ciing han ché néu 1én trong nghién ctru ndy. Phuong phap nghién ctru duge nhoém
tac gia minh hoa trong Hinh 3.

1. Tam quan trong cua tdi wu chi phi
F va tién d¢ trong quan ly xay dung.

2. Xac dinh muc tiéu nghién ctu

- .z A A
Sl nhiam giai quyét van dé da dit ra.
3. Xac dinh dbi twong, pham vi va
l ndi dung nghién cuu.

1. Tim hiéu vé céc nghién ciru tbi wu
da c6 trong va ngoai nudc.

Tim hiéu vé Iy thuyét t6i wu —

2. Tim hiéu tdng quan vé& thuat toan
t6i vu da muc tiéu.

l _|1. Nghién ctru vé& nguyén ly thuat
toan.
Nghién ciru thuit toan tim
kiém sinh vat cdng sinh 2. Luu d6 cua thuat toan.
(SOS)

3. Panh gia vu diém va nhroc diém

l—‘—l ~ |coa thuéat toan.
1. Nghién ctru vé BIM A. Khéi tao

va Dynamo R ;.iao l:il:g;t nligg
ghién ciu A C 4
4 e s litu dau vao ot bié
2', Su dlgng Dynamo ?,l;gl;l@grﬁ:ml mé hinh toi c};o thuét toan B Dotbien
dé chuyén md hinh o uu hdéa ~
thong tin xay dung so loluy . R #C. Lai ghép
khai (Basic  Revit 2. Lap md hinh —
Model) thanh dir liéu \—l—l
dau vao cho md hinh D. Chon loc
toi uu trong Matlab. E. Didu kién|
dung

Ap dung mé hinh vao bai
toan cu thé

1. Két qua dat duoc

2. Két luan

Panh gia mé hinh

3. Nhirng dong gop cta nghién ctru

4. P& xuét huéng phat trién

Hinh 3. So d cac budc nghién ctru
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3. Pé xuit md hinh t6i wu héa da muc tiéu, lai ghép BIM

3.1. Quy trinh chuyén théng tin tir mé hinh revit thinh di¥ liéu dau vao cho thuat tosn tof uu

Dit liéu dau vao trong Matlab cua thudt toan tim kiém sinh vat cong sinh 1a mdt file Excel

dugc dinh dang nhu Bang 1 mo ta file dir licu dau vao cua Matlab.

Bang 1
M6 té file dit liéu dau vao ciia Matlab
STT Cong tf’lC di Luwa chon 1 Luwa chogn 2 Lwa chon 3
trude T C T C T C
1 2 6,800 5 5,800 6 6,400
2 3 7,800 5 6,200 6 7,000
3 4 9,600 6 8,500 7 9,000
4 5 9,100 8 8,600 9 8,800
5 3 7,200 6 6,000 8 9,000
6 1 4 9,600 7 8,800 8 9,000
7 1 2 6,800 4 5,800 ) 6,400
8 2 6 12,800 8 11,100 9 11,400
9 3 4 11,200 7 9,400 8 10,000
10 4 3 9,000 5 8,000 6 8,500

Trong Bang 1, cot 1 thé hién tén cong tac, cot 2 thé hién cong tac di trude, cot lya chon 1,
lIvra chon 2, lua chon 3, thé hién cac su lua chon ¢co thé c6 cua tung cong tac. T va C tuong ung véi
thoi gian va chi phi thuc hién cong téc. Trong nghién clru nay, thoi gian va chi phi cho tung cong
tac dugc tinh toan dya vao dinh mirc khéi luong cua tu’ng cong tac. Vi du: dé thi cong cot tang trét
(cAn 5m?® bé tong), thi chi phi va thoi gian (bao gdm cbp pha, cdt thép, d6 bé tong, ...) dugc tinh
dira vao dinh mirc thé tich bé tong bang 5.0 x 3 = 15 (triéu), trong d6 5.0 14 thé tich bé téng, 03
(tridu/1m® bé tong) 1a don gia quy doi theo dinh muc bé tong. Thé tich ciu kién s& duge truy xuat
tir md hinh Revit. Vi vy, khi mé hinh thay d6i, dan dén khéi luong thay d6i, ddng nghia vai viéc
dir lidu dau vao sé& thay d6i. Qua trinh nay duoc dién ta nhu Hinh 4.

Xay dung mo hinh
Revit

Dynamo

A 4
Khéi tao dit liéu dau
vao thuat toan trong
Matlab

< Hiéu chinh mé hinh
Chay bai toan toi uu Revit

Kiém tra
két qua

Xuét két qua

Khoéng dat

Hinh 4. Qua trinh chuyén d6i thong tin mé hinh Revit vao bai toan tbi wu
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3.2. Xdy dung tién trinh cong vigc trong Dynamo cho qud trinh xudt khoi lwong

Dua vao gia tri cAn xuét ciia ban thong ké 13 tén chan cot (Base Level) va khdi lugng (thé
tich) ctia cdu kién cot, chung ta s& truy xuét tat ca phan tir cot va gia tri cta chan cot (Base Level),
sau d6 nhom lai thanh mot List. Pau tién, st dung Node All Elements of Category dé goi tat ca
cac cot, ddu vao cua Node nay 1a Category (loai phan tir), & ddy chung ta dung Node Categories
dé goi tit ca phan tir cot két ciu (Structural Columns), nhu Hinh 5.

Categories All Elements of Category

Structural Columns v | Category Category Elements

Hinh 5. Node categories va node all elements of category

Tiép theo, ching ta di goi gid tri chan cot tir tit ca phan tir cot bang Node
Element.GetParameterValueByName. Node nay ding dé goi mot gia tri ciia mot hodc nhiéu tham
bién chira trong phan tir (Element). Pau vao ciia Node Element.GetParameterValueByName bao
gom: Element va ParameterName, trong do:

« Element: La tap hop céc phan tir can truy xut, ddu vao sé 1a gia tri ctia Node All Elements
of Category.

« ParameterName: L4 tap hop tén cia tham bién mudn xuat thong tin, dau vao mot chudi
ky tu dugc tao bang Node String, nhu Hinh 6.

Categories All Elements of Category

Structural Columns v | Category Category Elements

Element.GetParameterValueByName

element

parameterName

String

Hinh 6. Node Element.GetParameterValueByName va Node String

Sau khi d4 c6 ddy di thong tin cia ti tugng can truy xudt, bay gio ching ta s€ di nhom lai
thanh mot List bang Node List.GroupByKey, nhu Hinh 7 va d6 cling la budc con cudi cung trong
tién trinh cong viéc xuét khdi lwong trong Dynamo.

List.GroupByKey

groups

Categories All Elements of Category unique keys

structural Columns ~  Category p-4 Category Elements AUTO

Element.GetParameterValueByName

element > var[]..0

String parameterName >

Base Level >

Hinh 7. Tién trinh cong viéc budc 1
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Két hop 05 tién trinh cong viéc lai v6i nhau, chiing ta s& c6 tién trinh cong viéc xuét thong
ké nhu Hinh 8.

ONONL I0G WOHN OVL IQHM

QG OVD 03HL 13A31 d3X dYS

e ¥
TSIV T

\'."-1 Baum

1IA31 OFHL d3X dYS YA HIJL FHL
HIJL IHL YA T3ATT
N3N NA dOH 13X

Hinh 8. Tién trinh cong viéc xuat thong ké trong Dynamo
3.3. Bai todn cu thé
Muc tiéu ctia bai toan 1a tim ra nha thau dap tng duoc giai phap phu hop vé chi phi, tién
do dua trén thudt toan MOSOS va két hop véi BIM. M6 hinh Revit 4p dung cho bai toan nay la
mot mo hinh phan thé cua du an X, bao gom: 02 tang ham va 13 tang noi, phan mong duogc thi
céng coc khoan nhoi, nhu Hinh 9.
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Hinh 9. M6 hinh Revit bai toan tmg dung
Mo hinh bai toan tdi vu dugc chay trong Matlab c6 dit liéu dau vao 1a mot file Excel. Dit

liéu xut tir md hinh Revit s& dugc dinh dang dé tu dong tinh toan dya trén don gia va khéi luong
tor md hinh nhu Bang 2.

Bang 2

Dit liéu diu vao cta bai toan
No Méi lién hé Luwa chon 1 Luwa chon 2 Luwa chon 3

T C T C T C

1 60 6,186 50 6,662 40 7,614
2 1FS+2 days 18 2,908 17 2,774 16 2,595
3 2FS+2 days 18 1,103 17 1,157 15 1,246
4 3FS 17 2,610 16 2,736 15 2,947
5 4FS+1 day 7 1,063 6 1,115 5 1,166
6 S5FS 7 958 6 991 5 1,073
7 5FS 7 521 6 539 5 584
8 7TFS+1 day,6FS+1 day 3 222 2 254 1 262
9 8FS 7 533 6 595 5 577
10 9FS+1 day 3 189 2 217 1 224
11 10FS 6 YA 7 515 ) 533
12 11FS+1 day 3 189 2 217 1 224
13 12FS 7 515 6 533 ) o7
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No Méi lién hé Lua chon 1 Luwa chon 2 Luwa chon 3
T C T C T C

14 13FS+1 day 3 189 2 217 1 224
15 14FS 7 567 6 586 5 635
16 15FS+1 day 3 177 2 203 1 209
17 16FS 7 569 6 589 5 638
18 17FS+1 day 3 177 2 203 1 209
19 18FS 7 569 6 589 5 638
20 19FS+1 day 3 177 2 203 1 209
21 20FS 7 569 6 589 5 638
22 21FS+1 day 3 177 2 203 1 209
23 22FS 7 626 6 647 5 701
24 23FS+1 day 3 195 2 223 1 230
25 24FS 7 626 6 647 5 701
26 25FS+1 day 3 195 2 223 1 230
27 26FS 7 626 6 647 5 701
28 27FS+1 day 3 195 2 223 1 230
29 28FS 7 626 6 647 3) 701
30 29FS+1 day 3 195 2 223 1 230
31 30FS 7 619 6 640 5 693
32 31FS+1 day 3 37 2 43 1 44

33 32FS 7 107 6 111 5 120

Dit liéu trong Bang 2 cho biét tién do (ngdy) va chi phi (triéu dong) cta tirng su lya chon
trong mdi cong tac gop. Bai toan 1 v&i trung binh ba phurong thirc lwa chon cho mdi cong tac trong
téng s6 33 cong tac, tao nhiéu su lya chon dé hoan thanh du an. Mdi su két hop co thé c6 mot tac
dong va két qua duy nhét trong viéc thyc thi thyc hién dy &n, c6 nghia 1a nha quan 1y du an phai
tim kiém mot s6 luong 16n cac giai phap tiém nang dé tim nhiing thiét 1ap mot su can bang t6i uu
giira tién do va chi phi. Véi viéc st dung Dynamo dé chuyén dir liéu tir mé hinh Revit thanh dit
lidu dau vao thuat toan t&i uu. Khi mé hinh Revit thay d6i, thi dit liéu dau vao bai toan tdi uu thay
d6i. Chinh vi thé gitip cic nha thau, nha quan 1y du an rat ngin thoi gian tinh toan lai dit liéu dau
vao, tir 46 két qua tdi uu sé& duoc tim ra nhanh hon. Hinh 10 M6 ta quy trinh chuyén doi tir Revit
thanh dit ligu dau vao bai toan.

Dir liéu dau vao

Mo Hinh Revit Matlab

A 4

Bang Excel

Hinh 10. Quy trinh chuyén d6i tir Revit thanh dir liéu dau vao bai toan tdi uu
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Bang 3

Thong s6 dau vao cta thuat toan

Théng s6 diu vao Ky hiéu Cai dat
S6 bién D 33
Kich thuéc quén thé NP 300
Giéi han vong lap Gmax 50

Béng 3 cho biét thong s dau vao cia thuat toan MOSOS. Kich thudc ciia quan thé NP
duoc chon 1a 300, s6 lugng vong lap t61 da Gmax = 50. Thuat toan dugc chay 30 lan dé tranh su
ngau nhién trong tim kiém toi uu hoa.

Giai phap tét nhét dat dwoc véi sé vong 1ip Gmax = 50
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Tién do (ngay)
Hinh 11. Céc giai phap tot nhat dat dugc boi mé hinh véi s6 vong lip Gmax = 50

Véi 1an chay bai toan véi s vong lip t6i da Gmax = 50, chiing ta thu duoc két qua tap toi
wu gdm 75 giai phap nhu Hinh 11 va két qua lya chon dugc dé xuat nhu Bang 4.

Bang 4

Pé xuit két qua lya chon cho mé hinh véi sé vong 1ap Gmax = 50

Théng s6 dy 4n
;112;) Giai phap Phwong an lya chon Tién d6 Chi phi
(ngay) (triéu dong)
32323333333333333333
1 Ut tién chon (3333333333333 194 27,780
tién do 323232233333333333333

2 333333333333 195 27,652
37 Canbang (1111111333333333332 3 233 25,220
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Thong s6 dy 4n

Giai

phap Giai phap Phwong an lwa chon Tién d¢ Chi phi

(ngay) (triéu dong)

2313222322233

1111111323333323233 3
38 2313232331233 234 25,188

1111111111211111111 1
74 Uutiénchon 1111111111112 274 24,400

chi phi 1111111111211111111 1
15 1111111111111 275 24,397

Béng 4 trinh bay cac giai phap va phuong an lya chon trong bai toan, voi:

- Lwa chon giai phap c6 tién do nho nhét 1a giai phap 1: tién do 194 ngay, chi phi 27,780
triéu dong, v6i phuong an lyala X1={32323333333333333333333333 3333
333}

- Lya chon giai phap c6 chi phi nho nhét 13 giai phap 75: tién d6 275 ngay, chi phi 24,397
triéudéng,V('fiphu’ongénlu:achonl(f)trinhléX75 ={111111111121111111 1111
11111111111}

- Lya chon giai phap can bang vé chi phi va tién do 1a giai phap 37: tién do 233 ngay, chi
phi 25,220 triéu dong, véi phuong an lwa chon 10 trinh 14 X37={111111133333 3333
33232313222322233}.

4. Két luin

Thong qua cac bai toan thuc té ching minh dugc thudt toan cong sinh tim kiém 1a hiéu qua
va hiéu suat cao trong viéc giai quyét cac bai toan da muyc tiéu trong linh vuc xay dung ma tap tdi
wu c6 thé tao ra chi trong mot thoi gian ngén. Thuat toan dé xuit co dic diém 12 tao ra sy da dang
hon trong quan thé, mang lai cac giai phap thich nghi tot hon va mirc d6 hai 1ong cao trong cac
giai phép tbi wu khong vuot troi. Tap toi vu duoc tao ra boi cac thuat toan 1a thong tin hitu ich cho
cac nha quan 1y dé xac dinh chinh xac cac giai phap t6i wu. Dé xuat cong cu hd tro dua ra quyét
dinh cho cac nha quan 1y du 4n va nha thau thi cong vé viéc lya chon bién phap pht hop vdi chi
phi va tién d6 cua duy an.
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