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Tom tiit:

Xu huéng irng dung cong nghé thong tin vao cac linh vue doi song va nganh cong nghié¢p xay dung la xu thé tat yeu
hién nay. Viéc ap dung nay déng vai tro rit quan trong trong su phat trién ciia nganh xay dung, nhiam han ché rii
ro trong giai doan thiét ké, tiét kiém chi phi, ning cao hi¢u qua cong viéc trong giai doan trién khai thi cOng va mang
1ai lgi nhudn t6t nhét cho cac bén lién quan tir giai doan thiét ké dén khi van hanh khai thac cong trinh. Trong bai
bao nay, ching ti xem xét vi¢c irng dung thuat toan quy hoach dong aé phén tich, Iwa chon t6i wu cac hang myc xiy
dung dé cho nha thiu cé dwoc loi nhuin tot nhit. Chiing t6i dé xuit cac bai toan don dleu Kkién rang budc vé thoi
gian, dén bai toan da diéu ki¢n rang budc vé thoi gian va lgi nhuin lén nhét cho mjt to thi cOng cia nha thau. Két
qua cho thay, bai toan don didu kién c6 thé sir dung phwong trinh quy déi cia quy hoach dong, véi tham bién thoi
gian sap xeép cac hang muc cho 10i giai nhanh chong va chinh xac. Trong bai toan da diéu kién, hé thong phuong
trinh véi cac tham bién vé thoi gian va lgi nhuin cia quy hoach dfng da dugc cai tién trong bai bao nay daé gidi bai
toan 10 hang muc rit nhanh va hiéu qua. Nhirng két qua nay cho phép trng dung thuit toin quy hoach dfng vao
phén tich va tdi wu cAc bai toan trong linh vure xdy dung, gitip ning cao hi¢u qua cong trinh.

Tir khod: phan tich dir liéu, phan tich tbi wu, thi cong xay dwng, thuit toin quy hoach dong.
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Abstract:

Information technology is commonly applied in all parts of life, as well as in the construction industry, and has
become a pressing issue at present. These applications play an important role in the development of the construction
industry, aiming to prevent risks during the design, save costs and increase work efficiency during construction and
monitoring and bring the best profit for stakeholders. In this article, a dynamic programming algorithm is used to
analyse and optimise the selection of construction project items to help contractors achieve the greatest profit. We
propose problems ranging from single-condition focusing on time to multi-condition scenarios that include both
time and maximum profit of a construction team. The results show that for single-condition problems, the dynamic
programming equation with a time variable to sort construction project items can be solved quickly and accurately.
For multi-condition problems, the system of equations with time and profit variables in dynamic programming has
been improved in this paper to solve 10 construction project items rapidly and efficiently. These obtained results
allow the application of the dynamic programming algorithm to analyse and optimise problems in the construction
field, aiming to enhance the construction project efficiency.
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1. Téng quan nghién ciiu

Thuat toan quy hoach dong (QHD) (hay con goi la
Dynamic Programming) 1a mgt nhanh cta nghién ctru cac
hoat dong dé duara nhiing quyét dinh lya chon tdi vu thude
mot trong cac phuong phap toan hoc t6i uu hoa. Trong
nhirng nam dau 1950, nha toan hoc ngudi My R. Bellman da
nghién ciru bai toan tdi uu hoa qua trinh ra quyét dinh nhiéu
giai doan (quy trinh quyet dinh nhleu bugc), mot nguyén
tac noi t1eng vé tinh t6i wu (nguyén tic tdi u'u) [1]. Thuat
toan QHD 1a mot k¥ thuat toan hoc hitu ich dé dua ra mot
chudi cac quyét dinh lién quan dén nhau, n6 cung cip mot
quy trinh c6 hé thong dé xac dinh su két hop t6i wu cua cac
quyét dinh. Hon nira, thuét toan QHB la mot loai cach tiép
can chung dé giai quyét van dé tbi uu va cac phuong trinh
cu thé dugc sir dung phai duoc phat trién dé phu hop véi
tung bai toan khac nhau [1-4].

Trong cac bai toan thudc linh vuc xay dung, c6 rat nhiéu
van dé can dugc toi wu, nhu bai toan tbi wu trong quan 1y dy
an, hodc t6i uu trong quan 1y chat lugng cong trinh, quéan ly
kho bii, quan 1y to doi thi cong, lap trinh trong xay dung...
dién hinh 14 cac nghién ciru nhu:

Nam 1975, D.R. Robison (1975) [5] d& d& xudt st dung
thuat toan QHD nham xac dinh wu tién phan bd ngudn luc,
nhan cong dé giam thiéu thoi gian thi cong cua du an. Ung
dung thuat toan QHD dé thiét k& va quan 1y ti wu trong cac
van d& vé khao sat da duoc tac gia E.G. Anderson (1984) [6]
trinh bay trong nghién ctru ciia minh. Theo d6, tac gia da cé
nhitng vi du minh hoa trong bai toan san l4p mit bang, lap
lich hoat dong khao sat, phan tich dir liéu dau vao do anh
hudng ciia bién thoi tiét. Trong nghién ctru cia P.O. Nowak
(2019) [7], tir dit liéu thong ké lién quan dén s luong chét
thai xay dung va qua trinh van chuyén chét thai tir cac cong
truong xdy dung, tac gia di st dung thuat toan QHD dé tinh
toan tai trong phu hop cua phuong tién van chuyén, nham
loai bo chét thai khoi cac cong trinh xay dung. Nhom tac gia
cling l1ap trinh tinh toan duoc viéc thay ddi loi nhuan khi chi
phi tai nguyén vat liéu thay ddi trong timg giai doan khéc
nhau, Umg dung tai Ba Lan.

Trong linh vyc giao thong: Thudt toan QHD duoc su
dung dé tinh chi phi t6i thiéu va chi phi trung binh trong xay
dung, bao tri hang nim bé mat duong bo do K.J. Feighan
va cs (1988) [8] dé xuat nam 1988. Phuong phap nay dugc
chiing minh giup gidm thoi gian tinh todn so vdi cac thuat
toan khac, nhung van dam bao d¢ chinh xac cua két qua
cudi cung. Khi xem xét cac loai tai trong nhu tai trong trén
lan déu, tai trong cla xe tai hai tryc va tai trong cua xe tai
hai truc cong voi tai trong cia so mi ro moc mot truc theo
thong s ky thuat cua Hiép hoi Puong Cao tdc va Giao
thong Van tai Hoa Ky (AASHTO), nhom tac gia H. Adeli
va cs (1989) [9] dd ung dung thuat toan QHP dé phan tich
luc hay chuyén vi ciia cic ciy cau dudi tic dung cia cic
loai tai trong do.
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Trong linh vyc xay dung cong trinh va quan ly tai
nguyén nude: Thuat toan QHP dugc ap dung dé phan tich
d6 6n dinh mai dbc, gitp t6i wu hoa qua trinh chong 16p
ludi phy 18n luéi phan tir hitu han, dé tim hinh dang va vi
tri ciia mat truot t61 han. Quy trinh nay giup giam thleu do
phtc tap ctia ham tinh toan cudng do cit va ing suét cit tac
dong trong khéi dat, cung truot dugc trinh bay trong nghién
ctru cua D.G. Fredlund va cs (2019) [10]. Thuat toan tbi
uu QHD ciing duoc ap dyng trong van d& quan 1y cac ho
chtra, cong trinh dau ngudn khi ¢é cac bién rang budc da
muc tiéu, M. Jamshidi va cs (1977) [11] da ing dung thuat
toan QHD dé kiém soat hé théng da muc tiéu caa hd chia
nuée & Khuzestan. Day ciing 12 bai toan dién hinh trong van
hanh lién ho chtra, ¢ thé ap dung trong diéu kién mang ludi
ho chira & Viét Nam hién nay. Nhom tac gia P.T.T. Phuong
va cs (2017) [12] 6 Viét Nam da tng dung thuat toan QHD
vao viéc tinh toan diéu tiét hd chira Ialy trén hé thdng song
Sesan, nham tang san lugng dién ti da vao mua kho cho hai
nam 2010 va 2012.

Trong linh vuc phat trién ung dung 1ap trinh: Z. Li va
cs (2015) [13] d& xuat d6i méi va nang cap cac phan mém
quan 1y dy an bang cac ky thuét phan mém linh hoat hon,
dé dap ung cac yéu cau ngay cang cao cua thuc té xay dung
va quan ly cong trinh, vi vy phuong phép thuét toan QHD
dugc d& xuat dé t6i uu héa, xir Iy cac van dé phat sinh.

Nhirng nghién ctru ¢ trén cho thdy, tmg dung thuit toan
QHBD vao cac bai toan xay dung rat da dang. Tuy nhién, van
dé ma nha thiu xay dyng luén quan tim d6 1a thoi gian thi
cong ng'fm nhét, chi phi thap nhat nhung 1oi nhuén ludn cao.
Vi vay, chling t6i tdp trung ung dung thuat toan QHD trong
bai bao nay dé phan tich va dua ra duoc cac lya chon ti uu.
Trinh bay tong quan thuat toan quy hoach dong tai phan 2
vé ly thuyét thuét toan co ban, sau d6 ap dung phén tich tdi
wu cac van dé trong diéu phdi to doi thi cong cua mot don
vi xdy dung nhu: t6i wu don diéu kién, t6i vu da diéu kién,
t6i wu da diéu kién nang cao tai phan 3. Phan 4 14 nhirng két
luén va kién nghi dé phat trién cac thuat toan trong linh vurc
xdy dyng nham ning cao ning lyc quan 1y, toi vu lya chon
hang muc cong trinh dé dat duoc loi nhuan tot nht trong
thoi dai chuyén doi s6 hién nay.

2. Thuat toan quy hoach dong

Thuat toan QHD 1a phuong phap giai quyét cac bai toan
tdi uu dugc nha toan hoc Richard Bellman phat trién vao
nam 1950 [1]. Thuat toan QHD nay s& chia nhd mot bai toan
16n thanh céc bai toan con c6 tinh cht don gian hon va c6
10i giai gidng nhau cho toan b cac bai toan con d6. Sau do
két hop cac két qua t6i vu ciia cac bai toan con dé tim ra 10i
giai to1 wru cho bai toan tong thé (bai toan 16n). Thuat toan
QHD duoc van dung dé t6i wu mot quyét dinh Iya chon nao
d6 bang cich chia nhé né thanh mot chudi cac budc quyét
dinh nho hon i hay goi 1a cac trang thai i, trong d6 i, nhan
gia tri tu 0 dén n trang thai. Tu do, thuat toan QHD sé& tim
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10i giai toi wu tung bude quyét dinh tai cic trang thai i nay
de tim dugc ket qué toi uu toan cuc bai toan. Hiéu thém
rang, trong moi trang thai i s& c6 nhimg tinh toan dé lya
chon quyet dlnh t01 uu d trong tap hop cac lya chon D, (VO’I

.....

i d6 (hinh 1) [2-4].

Trang thai Buée Trang thai | Bude Budc | Trang thai Bude Trang thai
> > > —
S I R R Y e R e
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Hinh 1. M6 ta qua trinh phan tich bai toan quy hoach déng qua n
trang thai.

Goif, (d, s,) 1a ham gia tri nhin duoc tai trang thai 7, khi
d, la sy lya chon chudi tap hop dir lieu D va s, 1a budce tinh
cua qua trinh » trang thai nhu mo ta ¢ hinh 1.

Khi d6 gid tri ti uu cho toan b bai toan can tim la v (s )
duoc xac dinh theo cong thuc:

vn(sn) = Max[fn(dnv sn) +fn—1(dn—1'sn—1) +o +f1(d1151) +f0(d0,30)] (1)
trong d6:d, € D, v6ii=0,1,2,...,m

Xét tai trang thai n, gia tri nhan dugc tai trang thai nay la
/. (d, s, ), gia tri nay nhan duoc tai quyét dinh d ma khong
lién quan dén quyétdinh d_,...., d,, d,tai cic bude n-1,
1, 0. C6 nghia 14, trude tién chung ta tim gid tri 16n nhat cia
nhom truge do (tr i =0, 1,..., n-1) chomoid co6 thé, va sau
do6 chon d, dé t6i wu hoa phuong trinh s6 (1). Chung ta c6
thé viét lai phuong trinh trén nhu sau:

v (sy) = Max{fn(dnv Sn) (2)
+ Max(fy—1(dn_1,Sp-1) + -+ f1(d1,51) + fo(do, 50)1}

Trong phwong trinh s (2), thanh phan sb hang thi 2 don
gian 1a sir dung thudt toan QHP dé tinh gia tri t6i wu nhan
duoc tai bude n-1 cia trang thai n-1, tuong tu khi xét cho
céc trang thai khac. Do d6 chiing ta co thé viét lai phuong
trinh (2) bang cach thé hién quan hé dé quy nhu sau:

Vn(sn) = Max([f(dy, $p) + Vno1(Sp-1)] 3)

Phuong trinh (3) la phuong trinh téng quét ciia bai toan
tim kiém gla tri toi wu 16n nhat dugc mo ta chi tiét hon tai
hinh 1. P& minh hoa cic van dé trén, hinh 2 mé ta qua trinh
tim kiém gid tri t6i vu cho toan bd bai toan v (5,) thong qua
n trang thai khac nhau. Nhu vay tai day chung ta thdy rang,
trai qua moi budc tinh 7, thi gia tri t61 wu tai moi trang thai
dugc lya chon (hay quyét dinh) trong mot tap hop nhiéu gia
tri cia mdi trang thai d6 nhu v (s . ) dugc chon tai trang
thai 1; v, (s, ) duoc chon tai trang thai n-1.
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Hinh 2. M6 ta gia tri nhan dworc tai cac trang thai tir 0 dén n.

Trong quan hé d¢ quy ¢ phuong trinh (3) thi can chi &
gia tri tai trang thai ban dau. Trang thai ban déu, no thuc su
khong duogc tinh tir quan hé d¢ quy vi khong cé trang thai
nao sau trang thai nay nita. Do vay, n6 dugc xac dinh nhu
sau:

UO(SO) = Max fo(do,So) Vo1 do € DO (4)

Théng thuong thi khong giai quyét toi vu tai giai doan 0
vi 12 diém bt du trong toan bd cac giai doan dua ra quyét
dinh cta tong thé bai toan. C6 thé hiéu rang, tai giai doan
nay, chung ta c6 thé xem xét ldy mot g1a tri cuc tri dé xem
xét tinh toan. Tuy nhién sang cac budc tiép theo (i=1,...,n),
gia tri cuc tri s€ co thé khong phai 1a gia tri tai trang thai ban
dau duge chon ¢ trén. Vi trong thuat toan QHD, gia tri t6i
uu dugc xem xét tai trang thai cudi cung.

Tuong tu bai todn xac dinh téi wu gia tri 1on nhat, bai
toan xac dinh tdi wu nho nhét khi xét toan bd trang thai
n ma trong d6 cac gia tri ti vu trong mdi trang thai i 1a
f.(d,s).Goiu (s ) lagia tri tbi wu can nhan dugc xac dinh
theo cong thuc:

Mm[fn dn‘sn +fn 1( n- 1v5n 1)+ +f1(d1,51)+f0(d0,50)] (5)
trong do: d. € D, v6ii=0,1,2,...,m

Uy sn

Tir phuong trinh sé (2), (3) ¢ trén, ta c6 thé rat gon
phuong trinh tong quat xac dinh t0i wu gia tri nho nhat nhu
sau:

Un($0) = Min[fy (dn, $p) + tp-1(Sp-1)] (6)

Véi gia tri ban dau tai trang thai 0 cling duoc xac dinh
twong tu phuong trinh (4).

Uy (s9) = Min fo(dy, o) v6idy € Dy (7N

Tir cac phuong trinh trén chung ta co thé thay ring, bai
toan QHD c6 cac tham sé tham gia vao qua trinh d6 1a (i) s6
luong cac trang thai n, (ii) sb luong bién tham gia vao trong
mdi trang thai, (iii) cac rang budc lién quan dén gia tri nhan
dugc. Trong bai bao nay, chiing t6i sé€ tap trung nghién ctru
cac bai toan ing dung trong xay dung khi sir dung thuét toan
QHD dé tbi wu co xét dén cac rang budc.
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3. Mot s hai toan quy hoach déng dién hinh ap dung trong
Xay dung

Trong cac linh vye thudce nganh Xay dung hi¢n nay, co
nhiéu bai toan thyc té dit ra can duoc toi uu voi nhiéu rang
budc cu thé khac nhau giira viéc chon ti wu thoi gian thi
cong, tdi wu nguén nhan luec, tdi wu doanh thu. .. Mot sb bai
toan cu thé datra & dang tdi uu don diéu kién dén tdi vu da
diéu kién s& dugc trinh bay trong pham vi bai bao. Trong
nghién clru nay, ching t6i s€ 14p trinh tinh toan dya trén cac
ly thuyét phén tich cu thé dé co dugc cac 1o giai va dap an
t6i uru nhat.

3.1. Bai todn t6i wu dang don diéu ki¢n

Bai toan t6i uu dang don diéu kién 1a bai toan chi c6 mot
(01) diéu kién rang budc cy thé. Xét bai toan co n hang muc
xay dung vdi gia thanh dugc xem xét nhu nhau trén 1 don
vi thoi gian thi cong, mdi hang muc thir i ¢6 thoi gian bt
dau tai thoi diém A, va két thuc tai thoi diém B. Vén dé dat
ra 1a lam thé nao dé nha thiu co thé lya chon dugc nhiéu
hang muc xay dyng nhéat c6 thé cho mot (01) td doi thi cong
ctia nha thau.

Do chi xét mot to doi thi cong, nén 2 hang muc bét ky sé
duoc lya chon thi cong néu khoang thoi gian thi cong cla
chung khong tring 1ap véi nhau. Diéu nay cé nghia la thoi
diém ket thuc ctia hang muyc i ciing 1a thoi dieém bat dau cia
hang muc i+/, néu 2 hang muc i va i+/ dugc chon.

An-1 Bn-1
I
|

| |

An Bn

Hinh 3. Minh hoa cac hang muc cé sw chdng chéo vé th&i gian
thi cong.

Hinh 3 minh hoa cac hang muc xay dung ma cong ty
xem xét nhan thau, va s& c6 céc hang muc tur 1 dén n duge
chon trong N hang muc, mdi hang muc i ¢6 thoi gian bét dau
va két thic 1an luot 1a A, va B. Chung ta ¢ thé thay rang,
trong danh sach cac hang muc nay co6 thoi gian thi cong
chdng chéo nhau, hay néi cach khac 1a thoi gian thi cong
xen k& nhau. Ll'lc’néy ham gia tri f, (z) chinh la gia tri hang
muc thir i dugc tiép nhén thi cong, trong do6 ¢ 1a thoi gian thi
cong cua hang muc i (tr 4, dén B). Dau tién, chung ta sép
xép cac hang muc theo th ty thoi gian ting dan theo thoi
diém két thuc B, do vay hang muc i s€ dugc bd tri sau hang
muc j khi va chi khi thQa man j<i va Bj <A, Vi?c Iva chon
cac hang muc nhic¢u nhat phu thudc vao viéc diéu kién trén
c6 duoc thoéa man hay khong. Nhu trinh bay thuat toan tai
phén 2, ching t6i xay dung cong thirc nhu sau:

v (t) = Max(fy(tn) + fr—1(tp1) + -+ fi(t1) + fo(to)] (8)

voin € N,vaB; < 4;
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trong doé:v (¢ )la s6 lu'orng hang muc nhan dugc nhidu nhat.
De gia tri nay 16n nhét thi sb luong f; (¢) nhiéu nhat, véi moi
=1,2,.

Ta dang xét hang muc i dé c6 thé xay dung mot danh
sach con cac hang muc nhi€u nhat dén hang muc j voi j =
0,1, ..., i-1 dung trudc i, ta tim j sao cho:

vi(t;) = Max{f;(t;) + Max[fi_1 (t;1) + -+ fi(t&) + fo (&)1} (9)

voi B; < A

St dung phuong trinh (6) ta c6 thé viét ngan gon cong
thire trén nhu sau:

Vn(tn) = Max [fn(tn) + vn—l(tn—l)]
voiB,_q < Ap,vaB, < Ay (10)

Xét truong hop dac biét khi chi c6 mot hang muc thi
v (t)=f,(t,) = 1cothoigian thi cong ¢,=B -4,

Bang 1 gidi thi¢u thong tin cia 10 hang muc ma doanh
nghiép xay dyng xem xét c6 thé tiép nhén trén thyc té. Trong
10 hang muc duoc gioi thi€u nay, thong tin mdi hang muc
c6 thoi gian bit dau 4, (thang) dén thoi gian két thac 1a B,
(thang). C6 thé thay rang, cac hang myc dugce gioi thiéu nay
¢6 su chdng chéo nhau vé thoi gian bét dau va két thiic. Do
véy, doanh nghi€p xay dung can c6 sy tinh toan hop ly dé
lya chon cac hang muc sao cho t6t nhat, thoa man cac diéu
kién ctia chu dau tu va diu kién hién c6 cua doanh nghiép.
Bang 1. Théng tin vé th&i gian bat dau va két thuc cta cac hang
muc xay dwng.

Hang Hang Hang Hang Hang Hang
mucl muc2 muc3 mucd mucS muc6

Hang  Hang
muc7 muc8

Hang  Hang
muc9 muc 10

Thoi gian
bitdiud | 3 1 5 8§ 6 03 7
(thang)

Thoi gian
kétthic B 2 4 4 7 9 7 11 10 12 8
(thang)

Ttr thong tin dugc cung cdp & trén, khi thuc hién phan
tich va lya chon nhu trinh bay & trén thi két qua 1a ¢6 5 hang
muc dugc nhan thi cong véi ba phuong an: (1) 1,2, 4,5, 7;
2)1,2,4,5,9:(3) 1,2, 6,8, 9. Chung ta thay rang, ca 3
phuong an ¢6 tong thoi gian thi cong nhu nhau la 11 thang,
tuy nhién phuong an 1 s& két thic sém tai thang 11 trong khi
phuong an 2 va 3 s& két thic cong viéc mudn hon vao cubi
thang 12 do c6 thoi gian gian doan 1 thang khong nhan dugc
hang muc phu hop. Do vay, tity tinh hinh thuc t& nha thau dé
c6 thé lwa chon phuong an hop 1y trong qua trinh dam nhan
thi cong cac hang muc trén sao cho thoa man diéu kién duoc
s6 lwong nhiéu nhat.

Ta c6 thé thdy rang, bai toan nay chi c6 mot rang budc
vé thoi gian cu thé 1a thoi gian thi cong ctia mdi hang muc.
Do vay, néu tai hang muc cudi cung n thi thoi gian két thuc
1a tuy chon cuia nha thau, vi lic nay khong co6 rang budc ctia
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hang muc n+1. Diéu nay s€ khong thuc té, khi tat ca nha
thau déu mong mudn két thuc sém qua trinh thi céng néu
moi yéu td khac thuan loi. Khi do bai toan s& c6 thém su
rang budc vi du vé thoi gian hoan thanh thi cong theo quy
dinh, bai toan lac nay s& c6 nhiéu hon 1 rang budc. Chiing
t6i s& tiép tuc thao luan phan sau voi bai toan da diu kién.

3.2. Bai todn t6i wu dang da diéu kign

Nhu di trinh bay ¢ trén, bai toan t6i uu dang da diéu
kién 1a bai toan tdi wu c6 nhiéu diéu kién rang budc cho
trude, két qua cudi cing ciia bai toan phai thoa man tat ca
cac diéu kién d3 dat ra. Bai toan sd 2 véi dang dién hinh nhu
sau: Mot t6 doi thi cong (20 nguoi) cia Cong ty TNHH Xay
dyng THXD, mubn nhan cic hang muc c6 thong tin nhu
bang 2. Do tinh chét cong viéc nén moi lan chi nhan duge
1 (mdt) hang muc. Vay trong vong 1 nam (365 ngay), nha
thiu mubn nhan duoc s luong cong trinh ma co tong gia
thanh nhiéu nhat?

Bang 2. Théng tin cac hang muc xay dwng ma nha thau dwoc gi&i
thiéu.

Hang Hang Hang Hang Hang Hang Hang Hang Hang Hang
mucl myc2 myuc3 mucd mucS muc6 muc7 muc8 muc9 mucl0
Glithar;lh 500 100 150 300 1000 700 900 1200 600
(trigu dong)
Thoi gian

i 513 20 %2 120 8 105 145 68
(ngdy)

V6i dang nay, bai toan dién hinh trong xay dung 1a bai
toan t6i wu trong viéc lya chon n hang muc khac nhau trong
N (N=10 hang muc) tong hang muc gidi thiéu. Bang 2 chi
13, tai mdi hang muyc cong trinh s& ¢6 thoi gian thi cong bat
budc hoan thanh va s€ nhan duoc gia tuong Umg cia tung
hang muc. Viéc lya chon ) luwong hang muc n cho mot (1)
t6 doi thi cong sao cho trong mot khoang thoi gian nhat dinh
T, thi t6 d6i dat dugc loi ich kinh té cao nhat 1a v (7). Luu
¥ rang, do tinh chat quy dinh chi khi hoan thanh xong timg
hang muyc thi mé&i dugc thi cong hang muc tiép theo, didu
nay c6 nghia 1a phai hoan thanh hang muc thr j thi méi bét
dau thuc hién hang muyc thtr i voi i > j. Phuong trinh tong
quat cho bai toan trén nhu sau:

V(1) = Max(fy (G ty) + foet (Cop tmg) + 0+ (G t) + fo(Costo)] (11)
voi didukién: t, + thq + .t ti+ tg < T

Goi ham f; (C, t,) v61i =0, 1, ..., n 1a ham gia tri thu
duoc (trigu déng) cua hang muc tha i dugc chon, trong do
t. (ngay), C, (tri¢u ddng) lan luot 1a thoi gian thi cong va gia
clia tig hang muc twong Gng. Gia tri thu dugc cudi cing v,
(T), 1a gia tri thu dwoc cubi cung (triéu dong) khi nha thau
xay dung lya chon dugc cac hang muc. 7 la téng thoi gian
quy dinh, nhu da néu trén thi 7<365 ngay.
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Ban dau, chung t6i s& xét (chon) 1 hang muc bat ky, vi
lic nay day dugc xem la trang thai ban dau (trang thai 0)
nhu da trinh bay & phﬁn 2, tur do sé léy (chon) hang muc
tiép theo cho dén khi nao két thiic sy rang budc vé thoi gian
T cda bai toan. Do vay, khi xét trong truong hgop hang muc
thir n xem xét dugc chon hay khong thi s€ ¢6 2 truong hop
Xy ra:

(a) Truong hop ¢ >T: c6 nghia la hang muyc thir 7 ¢6 thoi
gian thi cong nhiéu hon rang budc 7 cho phép, do vay sé
khong duoc chon nén c6 thé viét phuong trinh nhu sau:

U, (T) = vp_1(T)
voidieu kién: t, >Tvat,_ 1 + ..+ t1+ t, < T

(12)

(b) Truong hgp ¢ <T: c6 nghia 1a hang myc thir 7 ¢6 thoi
gian thi cong thda man dicu kién rang budc 7T cho phép, khi
truong hop nay xay ra thi ¢c6 2 kha nang nhu sau:

) =‘Un—1(T) (13)
voidieu kién: t,_; + ...+ t;+ to < Tvat, +t,_, +
ettt +tg>T
hoac
Up(T) = vy (T = t) + fu(Corty) (14)

voi dicukién: t, +ty_g + ot ty+t, < T

Nhu vay tong gia tri 16n nhét ciia n hang muc s& duoc
tinh la:

vn(T) = vy (T)

voi didu kién: t, > T

Vn(T) = Max{vn_1(T), vp1 (T = t) + fu(Cor )}

voi dieu kién: t,, < T

(15)

Déi chiéu voi bang dir liéu sb 2, thi phuong trinh (12)
khong thé xay ra, vi xem xét thoi gian thi cong timg hang
muc luén nho hon thoi gian 7. Phuong trinh (13) gidi thich
truong hop khi xem xét chon hang muc tiép theo thi tong
thoi gian thi cong da vuot qua 7, do vay hang muc dang xét
khong dugc chon. Néu hang muc tiép theo dugc chon khi
téng thoi gian thi céng ciia cac hang muc trude d6 va hang
muyc dang xem xét nho hon hodc bang 7, lic nay phuong
trinh (14) s& dng. Phuong trinh (15) la phuong trinh tong
quat cho céc trudng hop xét t6i wu viée lwa chon cac hang
muc thi cong nham théa man diéu kién rang budc va dat
duoc loi nhuén tot nhat. Trong qua trinh 1&p trinh tinh toén,
chung t6i ludn xem xét dua cac trudng hop nay vao dé thuan
loi cho céac bai toan ma doanh nghiép s€ gap phai trong
tuong lai.

Sau khi thuc hién 1ap trinh tinh todn theo 1y thuyét o trén,
tuong tmg véi dir liéu bai toan & bang 2, thi két qua gia tri
thu dugc 16n nhat nhan dugce 1 3,2 ty dong véi tong s6 ngay
thi cong la 363 ngay, tuong ting cac hang muc dugc chon Ia

26



Khoa hoc Tu nhién | Khoa hoc tinh todn; Khoa hoc Ky thuat va Cong nghé | Kj thuat dén dung: kj thuét dia chat cong trinh  ne—

1,2,7,8,10. Ty s6 gia thanh trén mot ngay thi cong luc nay
dat khoang 8,815 tri¢u déng cho ca to doi thi cong. Tam goi
la phuong an 1.

Xem xét truong hop khi tiép nhan cac hang muc $6 5,7,
8, 9 thi tong s6 tién 1a 3,1 ty dong, vai tong thoi gian thi cong
1a 362 ngay. Tam goi day la phuwong an 2. Thyc té tai doanh
nghiép thi xét ty s6 gia thanh véi thoi gian, sau d6 sip xép
ty sb nay tir 16n dén nho rdi 1dy (tiép nhan) hang muyc theo
thir tw sao cho khong vuot quéa diéu kién 365 ngay. Phuong
4n nay tam goi 1a phuong an 3. Nhu phuong an 3, nha thau
s& lan luot lya chon hang muc 2, 5, 10, 1, 7, 3, 4, thi tong s6
tién 1a 2,85 ty dong, voi tong thoi gian thi cong 1a 323 ngay.
D@ dang thay ring, ty sd tong gia thanh va tong sd ngay thi
cong c6 sy chénh I¢ch nhau cu thé 1a 8,815 triéu déng/ngéy,
8,563 triéu dong/ngay, 8,824 triéu dong/ngay lan luot cta
phuong an 1, 2 va 3. Ching ta c¢6 thé nhan thiy, phuong an 3
khong chon vi phuong an nay c6 gia tri thu dwoc rét thap, do
vy xem xét phuong 4n 1 va 2 khi tong sb lwong hang muc
chon cta phuong 4n 2 (5 hang muc) 16n hon phuong an 1
(4 hang muc). Tuy rang phuwong 4n 2 khong phai la phuong
an chon vi gia tri thu dugc nho hon phuong an 1, tuy nhién,
khi xét dén diéu kién thuc té cac van dé duge quan tam khac
nhu 13 tinh 6n dinh trong thi cong; su dich chuyén cua nhan
cong, may thi cong; didu kién lan trai; van khuén thi cong. ..
thi phwong 4n 2 ciing s& duoc nha thdu nén xem xét. Nhu
vay, dé xem xét duoc mot bai toan tdi wu tdt hon, thi trong
xdy dung hién nay c6 1 s6 van dé khi sé luong ciia mdi hang
muc nhiéu hon 1 1dn chon.

Thoéng thuong, nha thau luén mong mudn sé téi da hoa
loi nhuan nhét c6 thé, trong diéu kién chi xét 1 t6 doi thi
cong (20 ngudi), co nghia 1a nha thiu mong mudn nhan
dugc nhiéu n hang muc dé thue hién, ma céc hang muc nay
¢6 tinh chat gidng nhau hodc tuong dong nhau. Luc nay sé
dat ra bai toan nhu sau: Trong vong mot nam (365 ngay),
Nha thau mong muén nhan duge sb luong cong viéc ma
doanh thu nhiéu nhat? Khi mdi hang muc ¢ bang 2 cho phép
chon nhiéu hon 1 1an. C6 thé hiéu bai toan trén nhu 13, nha
thiu xét thy di kha nang s& nhan nhiéu hang muc tht i,
khi sé lugng ctuia hang muc thr i khong gioi han. Goi £ la
tong s6 lugng (sb 14n) chon mot hang muc, v6i k=7 va luén
nguyén duong. Nhu véy, bai toan nay ning cao chat lugng
chuyén mén hoa trong thi cong cua timg t6 doi, cling nhu
han ché cac van dé néu & bai toan trén nhu 1a: tinh 6n dinh
thi cong; giam bt chi phi dau tu may moc, thiét bi thi cong,
cling nhu s& nang cao tay nghé ctia ngudi thg.

Bai toan sé 1an luot xem xét ting hang muc, tai giai doan
dau ciing chon 1 hang muc bat ky véi sé luong k bang 1
hodc c6 thé 16n hon, sau d6 xét tiép viéc lya chon hang muc
tiép theo. Khi xem xét hang muc i tiép theo, thi phai dam
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bao diéu kién rang budc vé tong thoi gian thi cong phai nho
hon hoac bﬁng T. Phuong trinh (12) diing khi hang muc tha
1 khong dugc chon vi thoi gian thi cong cia hang muc i la
t>T. Ngugc lai khi hang muc thtr i dugc chon thi phuong
trinh (14) dugc viét lai nhu sau:

vi(T) = viea (T =t x k) + fi(Ci t) ¥ k
voi didukién: t; <Tval <k < (T/tl-)

(16)

Luc nay gia tri thu dwoc 16n nhét cia nha thau khi nhan n
hang muc thoa mén diéu kién tong thoi gian thuc hién trong
pham vi quy dinh 7 dugc tinh la:

(1) = Max{v;_y (T — t; x k) + fi(C;,t) x k }

véi didu kien: i = [0,n] vak = [0,(T/, )]

(I

Két qua tir 1ap trinh tinh toan cho bai toan ti wu nay 1a
nha thau s& dua ra lua chon tot nhét voi 11 hang muc 5 va
1 hang muc 3, khi do téng gia tri thu dugc la 3.400 triéu
ddng. Xét theo phuong an cua ty so gid va thoi gian thi
doanh nghiép s€ c6 thé chon 6 hang muc 2, sau d6 chon 1
hang muc 5 va tiép la hang muc 3, thi téng gia tri thu duogc
1a 3.400 triéu dong, twong tmg 363 ngay. Tuy nhién, nhu dé
cip, phan tich bai toan & trén, trong diéu kién cho phép, khi
s6 lugng hang muc khong gidi han thi wu tién chon phuong
an 11 hang muc 5 va 1 hang muc 3. Nhu vdy, chung ta thiy
duoc réng, khi sb luong khong gidi han cua cac hang muc
thi nha thau c¢6 thé c6 nhitng lya chon tét hon trong ciing
diéu kién thoi gian thi cong 1a 365 ngay cho mot to doi thi
cong 20 nguoi. Trong trudng hop nay, rd rang diéu kién 6n
dinh trong thi cong; lan trai; tinh chét 6n dinh cong vi¢e cla
mdi ngudi tho; hay 1a han ché tbi da viéc di chuyén Vi tri,
may moc, nhan cong; khong thay thé van khuén. .. s& gitp
giam chi phi, nho vy phat huy t6i da hiéu qua kinh té cho
nha thau va cac bén lién quan.

4. Két luan va kién nghi

Trén thé gidi, phuong phap sir dung thuat toan QHP di
dugc ap dung rong rai va da dang tit ca cac linh vuc cua
cudc sdng ciing nhu ca trong linh vuc xay dung. Trong bai
b4o nay, ching t6i nghién ctiru mot sé bai toan dién hinh
trong qué trinh tinh toan luya chon tdi wu céac hang muc xay
dung, nhim t6i da hoa lgi nhuan khi st dung thuat toan
QHD. Xét lan luot cac bai toan don diéu kién dén da diéu
kién dé toi uu tim dugc két qua tot nhét trong diéu kién xay
dung cho phép ciia mot to doi thi cong (20 ngudi).

Trong bai toan don diéu kién, khi cac hang muc cong
trinh c6 thoi gian thi cong chdng chéo nhau, yéu cau nha
thau lya chon dé c6 thé nhén tdi da cac hang muyc dem lai loi
nhuan t6t nhat. V§i bai toan chi co 1 diéu kién rang budc vé
thoi gian, ching t6i d xem céc thoi gian bat dau va két thuc
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ctia mdi hang muyc 1a tham s6, sau dé st dung phuong trinh
quy dbi v6i diéu kién 12 hang muc c6 thé nhan dwoc khi
thoi gian két thic cua hang muc trude trung, hoac sém hon
hang muc tiép theo. Khi xét bai toan hai bién gém tong gia
tri thu dugc va thoi gian hoan thanh, ching t6i da su dung
phuong trinh quy d6i mé rong cia thuat toan QHP vdi rang
budc vé thoi gian va gia tri thu dugc cao nhat. Thuét toan
QHBDP di chi 13 duoc két qua tét nhit cho dé bai datrala 3,2
ty dong cho s6 hang muc dugc chon 1a 5. Tuy nhién, chiung
t6i cling mo rong xem xét thém mot trudng hop khi tong gia
thanh thu dugc it hon, cling goi ¥ nha thiu xem xét trong
qua trinh lya chon sao cho thuén lgi nhét trong moi truong
hop ma thudc pham vi nghién ctru ndy. Sau cing, trong diéu
kién cho phép, khi cac hang muyc c6 thé c6 sb luong nhidu
hon mét, nha thau rd rang s€ phai c6 cai nhin téng quan hon
dé nhan duoc loi nhuan tot nhat. Chiing ta théy ré’mg, khi
) luong cuia mot hang muc nhiéu hon mot, viéc thi cong,
nhan cong, may moc s€ thudn lgi hon... Bai bao cling phan
tich, [am rd quan diém tinh toan thuc té tai doanh nghiép
khi chi xét ty sé gia thanh véi thoi gian, sau d6 sap xép tir
16n dén nho rdi chon sao cho thoa man diéu kién. Qua cac
phan tich & trong bai bao, ciing chi rd tinh wu diém cua thuat
toan QHD cho két qua tdt hon. Do vay, viéc st dung thuét
toan QHD vao xay dung 1a cin thiét dé mang lai hiéu qua
t6i uru nhat va rit ngan thoi gian phan tich ciing nhu dé dang
t6i da ho4 loi nhuén trong kinh doanh. Ngay ca viéc t6i uu
lua chon nhoé nhit nhu quang duong van chuyén, tién do thi
cong... nhu di duoc gidi thiéu o phan 2.

Vi cac diéu kién cho trude, trong khudn khd bai bao
nay, chi méi xét dén rang budc vé thoi gian va gia tri thu vé
16n nhét. Tuy nhién trén thuc té, viéc lwa chon cac hang muc
tdi wu con phu thudc vao nhiéu diéu kién rang budc khéc,
nhu don gid ngay cong tung khu vuc c¢6 sy khac nhau; chi
phi van chuyén hoidc di chuyén thiét bi tir cong trinh, goi
thau, hang muc nay sang vi tri khac chua duoc xét dén. Nén
¢4 thé ¢6 thém diéu kién wu tién lua chon cong trinh c6 thoi
gian thi cong can thiét dai ngay hon; hodc 1a yéu ciu chon
nhitng hang muc, cong trinh ¢ tinh gbi dau nhau nhiéu hon,
giam thiéu thoi gian tréng giita cac gbi thau dé tién cho cong
viéc quan ly thiét bi; lua chon cac hang muc c6 tinh chét
gidng nhau; xem xét tinh ddng déu tay nghé nguoi tho.

KHOA
&CONGHI\?GCI:-IE

67(2) 2.2025

s Khoa hoc Tu nhién | Khoa hoc tinh ton; Khoa hoc K thuét va Cong nghé | Ky thuét dén dung: kj thuat dia chét cdng trinh

Trong tuong lai, viéc tmg dung thuét toan QHD nhim
t6i wu hoa cac bai toan trong xdy dung can duoc trién khai
sau rong hon vao qua trinh thiét k& mo phong, tinh toan cac
két cdu, cong trinh tai Viét Nam. Diéu nay gitip nang cao do
chinh xéc, t6i uu hoa két qua dat dugc, tang hiéu suét, hiéu
qua cong viée, giam thiéu rui ro phat sinh va tdi da hoa loi
ich cho céac bén lién quan.
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